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Integrated High-Tdch Robotic Packages 
for Education . . . Research . . .Industrial 
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Hardware. Teaching software programs. Compre- 
hensive instruction manual. The RHINO®/Apple 
integrated systems include everything needed to 
start your robotics program. A full line of peripherals 
is available to customize experimentation in com- 
puter controlled manipulation strategies. 

The RHINO® is built with the same operating 
technology as large industrial robots. All parts of the 
rigid %" aluminum arm construction are visible. 
Specifications: optical encoders on each axis 
• 6 powerful DC Servo Gear Motors • 22.5" maxi- 
mum reach • 32" height • 14" width • 5 lb. lifting 
capacity • digital design with onboard microproces- 
sor • built-in self-test program. 


RHINO®/APPLE SYSTEM I 

$ 5370 °° 

• RHINO®XR MARK II (with heavy duty power 
supply) 

• Apple lie, 48K 

• Apple Disk II w/lnterface 

• CCS 771 0A RS-232C Interface 

• RHINO®/Apple Interface Cable 

• Apple Monitor III - Green 12" 

• RHINO®/Apple software package #1 (RASP 1) 

• RHINO® “Hands-On Introduction to Robotics” 
250 page manual 

• Tool Kit for robotic arm 

• Instruction for RHINO®/Apple hook-up 


• Apple DOS 3.3 Software System w/manual 

• Apple system manuals with software instruction 
manual 

Accessories Available 

Linear Slide Base • Rotary Carousel • Chain Belt 
Conveyor • Vacuum Finger • Magnetic Finger 

• Moto Dremel Tool Hand • Triple Finger 
Attachment 

Basic RHINO® XR Series Robotic System $2850 

Includes: 32" high robotic arm • Power Pak *Con- 
trollerCard - Cables • Instruction Manual • Tool Kit 

• Compatible w/any computer that has RS-232C 
Interface. 

Systems shipped F.O.B. Champaign, IL. Price & 
specifications may be altered without notice. 

For information on RHINO®/APPLE DELUXE 
SYSTEM II and RHINO*/APPLE PREMIER 
SYSTEM III, contact: 


RHINO 

ROBOTS 


2505 S. Neil 

P.O. Box 4010, Champaign, IL 61820 
217/352-8485 

TELEX 3734731 RHINO ROBOTS C 
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CONTROL! 

New and Available now. . . 

COMPLETE FORTH DEVELOPMENT 
SYSTEM FOR $250.00! 
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Our board, the NMIX-0111, the “100 Squared,” 
surrounds the R65F11 with innovative circuitry that 
allows the chip to be a complete FORTH development 
system. All that is needed to do program development 
in FORTH is a CRT terminal or microcomputer that 
speaks RS232 (seven data, one start, two stop bits). 


Power comes from a 9 volt AC or DC power source. 
DC to DC converter provides negative voltage for the 
RS232. Three JEDEC 28 pin sockets are provided 
which will accept: 

RAM’s 2016,2128,5517,6116,5564 

EPROM’s 2716,2732,2764 

EEPROM’s 281 6A 

The board can program in circuit: 

R2816A 2764* 

* requires additional VPP voltage supply. 


Substantial Quantity Discounts 
Available! 

• - i - - - 
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All this plus the powerful R65F1 1 
which features: 

* FORTH kernel in ROM 

* 1 92-byte static RAM 

* 16 bidirectional, TTL-compat- 
ible I/O lines 

* Two 16-bit programmable 
counter/timer, with latches 

* Serial port 

* Expandable to 16K bytes of 
external memory 


.. 
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Visa & Mastercard Accepted by phone 


New Micros, Inc. 

2100 N. Hwy.360 
Suite 1607 

Grand Prairie, Texas 75050 
(214) 660-1106 
Telex 79-5551 



CIRCLE 22 




Calendar 


SEPTEMBER 


September 19-21. 9th Annual Ad- 
vanced Control Conference. Fowler 
Hall, Purdue University, West Lafayette, 
IN. Contact: Henry Morris, Conference 
Coordinator, Control Engineering, 1301 
South Grove Avenue, PO Box 1030, Bar- 
rington, IL 60010. (312) 381-1840. 

This year's conference is entitled 
"Learning Systems and Pattern Recogni- 
tion in Industrial Control." Conference 
subjects include: speech recognition, in- 
telligent vision systems, robotics, and ar- 
tificial intelligence. 

September 19-30. 2nd Annual Com- 
puter Science at UCLA. UCLA Exten- 
sion, Los Angeles, CA. Contact: UCLA 
Computer Science Department, 3732 
Boelter Hall, Los Angeles, CA 90024. 
(213) 825-2929. 

Classes are abridged versions of UCLA 
Computer Science Department regular 
daytime courses. Plenary sessions pro- 


vide a special opportunity to hear 
outstanding leaders in the computer 
field. 

September 20-22. ASSEMBLY Tech- 
nology Expo. O' Hare Expo Center, 
Rosemont, IL. Contact: Steve Bernstein, 
Professional Exposition Management 
Company, Inc., Suite 205, 2400 East 
Devon Avenue, Des Plaines, IL 60018. 
(800) 621-2134, (312) 299-3131. 

ASSEMBLY Technology Expo is the na- 
tion' s marketplace for ideas, equipment, 
materials, systems and methods of aid to 
the manufacturing manager/engineer to 
help increase productivity, performance 
and quality, save time and labor, control 
costs and contribute to profitability. 

September 27-28. IEEE Computer 
Society Twelfth Workshop on Ap- 
plied Imagery Pattern Recognition. 

University of Maryland University Col- 
lege, Center of Adult Education, College 
Park, MD 20742. Contact: IEEE Com- 


puter Society Press, PO Box 639, Silver 
Spring, MD 20901. 

The theme of this year's conference is 
the integration of hardware and software 
components into working machine vi- 
sion systems. The conference includes a 
concurrent classified session conducted 
under the auspices of the Night Vision 
and Electro-Optics Laboratory. Topics to 
be discussed include: image processing 
architectures; image processing algo- 
rithms; robot vision; space systems; car- 
tographic systems; biomedical technol- 
ogy- 

OCTOBER 

October 2-5. Robotech 83. Curtis Hix- 
on Convention Hall, Tampa, FL. Con- 
tact: Gene Bignami, Mitch Hall 
Associates, Robotech 83, PO Box 860, 
Westwood, MA 02090. (603) 329-8334. 

Titled "The International Conference 
and Exposition for the Application of 
Automated Manufacturing Technology," 
Continued on page 56 



Rapid Transit 


Non-servo B A S E 5 ROBOTIC TRANSPORTERS 
provide rectilinear motions in the X, Y and Z planes to 
increase productivity and improve profitability in your 
pick and place operations. Off-the-shelf grippers and 
related components can be combined to perform 
literally any desired function with more accu- 
racy and lower cost than servo-controlled 
s. x robots. A product of U.S.A. 


MEMBER 

ROBOT INSTITUTE OF AMERICA 


CORPORATION 


PO. BOX 1756 • 3695 EAST INDUSTRIAL DRIVE 
FLAGSTAFF, ARIZONA 66009-1756 • (609)526-1120 
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4 Educational Tools by Raymond GA Cote 
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About the Cover: Walking machines are just beginning to appear on the design horizons of experimental 
robotics. One fascinating example, the Odex I machine, is shown on this month’s cover. This conceptual proto- 
type, designed by Odetics, Inc., is reminiscent of some of the critters seen briefly at the start of the latest Star 
Wars epic, Return of the Jedi. 

The cover photo, supplied by Odetics, Inc., shows the Odex I beginning a motion sequence of walking up into 
a small pickup truck. The Odex I can also reverse the action and walk down out of the truck. If it can handle 
trucks, stairs can’t be far behind. 
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NOW AVAILABLE - Affordable ($369) 
Data Aquisition plus both direct wire and 
AC line carrier remote device control for 
any computer. 

The ADC-1 communicates with your 
computer or modem via the RS-232C 
interface and can be remotely positioned to 
minimize sensor lead lengths. 

High resolution analog to digital 
conversion makes the ADC-1 ideal for 
laboratory and scientific data collection, as 
well as for robotics sensor development. An 
optional instrumentation amplifier permits 
measurements to microvolt levels. The 
combined features of the ADC-1 provide a 
versatile interface for industrial process 
control applications. 

For home and office automation, the 
ADC-1 can measure and control 
temperatures, lighting, and energy 
consumption. With the same unit you can 
monitor the status of door, window, fire, and 
smoke sensors for security protection. 

ADC-1 features include: 

• 16 Analog to Digital Inputs (12 bits, 
resolution O.lmV, range ± 0.4V. 

• 4 Digital (on/off) Inputs. 

• 6 Switched Outputs - Connects directly 
to solid state AC relays or other low 
voltage circuits. 

• Controls 32 Possible Devices via AC line 
carrier remote control modules. 

• Analog to Digital conversion to 100 Hz. 

• 6 selectable baud rates from 300 to 9600. 

• Protective enclosure with easy-to-use 
terminals for sensor attachment. 

• Sensors available from Remote 
Measurement Systems include: light, 
temperature, wind, moisture, electrical 
energy consumption, security system 
switches. 

Uses limited only by your imagination! 


- * - -I ADC-1 

t \ 1 
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REMOTE MEASUREMENT 
SYSTEMS, INC. 

P.O. Box 15544 • Seattle. Washington 98115 
Tel. 206-525-3369 

Send for complete specifications 
Telephone, Visa and Mastercard 
orders welcome. 


Editorial 


Educational Tools 


BY RAYMOND GA COTE 

E ducation is one of this year's major concerns. Every week, a half- 
dozen people call us to ask, “Which schools provide robot- 
related degrees?" or "Which universities are best known for their 
work in robotics and artificial intelligence?" Although we are unable to 
recommend schools to these people, we can say that the number of 
schools is growing rapidly. Many trade schools have already started 
robot repair and technician courses aimed at the people who will one 
day install and repair robotic machines. The Robotics International trade 
organization is compiling a list of universities, colleges, and trade schools 
that offer courses in robotics engineering and related fields. 

A second major request comes from the educational institutions them- 
selves. Instructors constantly ask, "Where can I find information about 
laboratory systems and instructional kits for servomechanisms, 
pneumatics, and so on?" 

Products such as the Microbot Minimover or the Rhino arms answer 
one aspect of this question. These arms provide a robotic device that can 
be connected to common computers and emulate the motions of multi- 
thousand dollar robots. Complete systems such as the Heath Hero 1 pro- 
vide a comprehensive experimental platform for real-time programming 
experiments and hardware integration. Information and hands-on ex- 
perience, however, are also required at a lower level. 

The May/June Robotics Age published a letter from Joe Day requesting 
information on lab kits for basic servo control experiments. Several 
manufacturers and schools responded with descriptions of products that 
are useful in laboratory and educational settings. 

Feedback, Inc. has manufactured instructional servos for over 25 
years. Included in their extensive catalog are a low-cost electro- 
mechanical servo demonstrator and a kit that allows experimentation 
with both AC and DC servomotors. Feedback also provides experimen- 
tal equipment to control servomotor position, speed, direction, and so 
on. All pneumatic and electrohydraulic laboratory systems are also 
available. 

Feedback offers a low-cost, 3-axis, computer-numerically-controlled 
drill that can be connected, through the appropriate interface, to PET, 
Apple, TRS-80, and AIM-65 computers. One of Feedback's most in- 
teresting products is the Armdraulic robot arm. To my knowledge, it is 
the only small, experimental, hydraulic arm. 

Richard LaRiviere of the Smith Vocational-Agricultural High School 
writes that the Hampden Engineering Corp. also has several kits that can 
be used for servo experiments. I have no further information on these kits. 
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The Polaroid Ranging Syste 


It will bring out the Newton, 
and Einstein in you* 


Franklin 


There’s one definition of invention Isaac, Ben 
and Albert would agree on. Namely, that invention 
“is the power to conceive new ideas and relation- 
ships.” And this is precisely the power that 
Polaroid’s Ultrasonic Ranging System Designer’s 
Kit puts at your fingertips. 

Ultrasonic and Ultrasensitive 

The Polaroid Ranging System is the same ultra- 
sonic system that automatically focuses our 
SX-70 Sonar cameras. It’s so sensitive it can detect 
the presence of a flower stem and measure distances 
from 0.9 to 35 feet away. But, what’s really amazing 
about the Designer’s Kit is its possibilities. They 
are as unlimited as your imagination. 

From Conservation to Computers 

For example, you might invent your own energy 
conservation system. Your Designer’s Kit can be 
made to accurately regulate things like your heating, 
air-conditioning and lights. Or hook-up your kit to your 
home computer, you’ll find your computer may be a lot 
smarter for it. Or set up your own very private home 
security system. Or measure any room in your house 
with electronic ease. 

Like we said, the possibilities are virtually unlimited. 

Order Your Kit Today 

Each Polaroid Designer’s Kit comes ready to use with 
pre-assembled circuit boards with LED display, electro- 



Name 

Address 


City. 


static tranducers, Polaroid POLAPULSE 
batteries, instructions— everything you 
need to bring out the Newton, Franklin 
and Einstein in you. To order, simply send 
in the coupon below and your check or 
money order for $150, plus applicable taxes. 


Polaroid Corporation, Battery Division 
Mail Stop 4P, 784 Memorial Drive 
Cambridge, MA 02139 

I can’t wait to get my hands on the Polaroid 
Ranging System. 

□ Please send me at $150 each (plus 

applicable tax). 

□ Please send me additional information. 


. State . 


.Zip_ 


Phone (Area Code)_ 


, POLAROID' , 

L_ _ _ _ 1982 Polaroid Corporation ‘'Polaroid" and "SX-70” 9 » — — — J 
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Robot 1-2 axis arm with magnetic lifter and optional pen holder for plotting 
and drawing. Interfaces to Timex, VIC-20 and other computers. A good 
introduction to articulated arm robots. Usable for game playing and multi- 
color plotting. 

ROBOT I 2 AXIS ARM KIT $125 

ROBOT IV ARM WITH VISION KIT $200 

Adds ability to detect markers, follow lines and mazes, experiment with 
pattern and character recognition. Perfect for science fair project. 

VISION 1 PANORAMIC SCAN VISION KIT $100 

Many other vision systems. 

Ask for catalog. 

SPECTRON INSTRUMENT 

1342 W. Cedar Ave. Denver, CO 80223 
Telephone (303) 744-7088 




Glenn R. Farmer, Placement Director at the Elec- 
tronics Institute in Kansas City, Missouri, wrote to 
say that the institute offers a very thorough electro- 
mechanical course including 360 hours of micropro- 
cessor/hydraulics-pneumatics technology. He in- 
formed me of the Electro-Mechanical Training 
System from Technical Systems, Inc. The trainer and 
accompanying manuals are designed to cover a two- 
year course. Course topics include: basic electricity 
and mathematics, semiconductor fundamentals, AC 
circuits, operational amplifiers, communications sys- 
tems, digital and analog electronics, 6502 and 8080 
microprocessor architectures, pumps and com- 
pressors, valves and actuators, and fluid control 
systems. 

Amptronics also has several training systems. 
Their design for the pneumatically-controlled BRAT 
(Basic Robotic Automated Trainer) laboratory sys- 
tem resulted from their difficulty in finding qualified 
engineers. Thus, the BRAT is designed to use 
industry-standard parts. The devices with which 
students experiment in the lab are the same com- 
ponents found in real-world factories. 

Empire Electrical Company represents a product 
line from Electro-Craft that includes the MOTO- 
MATIC Control System Laboratory. This system is 
designed for a one-year course in electro-mechanical 
control systems. A sample of the experiments that 
can be performed include: amplifiers for control sys- 
tems, transient response, velocity, position, and 
adaptive control, pneumatic loading, weight 
measurement, bang-bang control, effects of back- 
lash, and linear state feedback. 

Automat construction kits may be the ultimate 
answer for people interested in industrial-quality 
modeling kits. Constructed in Germany and 
marketed in the United States by Stock Model Parts, 
the Automat line consists of five different bread- 
boarding kits which range in size from a basic 
2600-part kit to a 4100-part kit containing special- 
purpose gear and cam drives, linkages, and universal 
joints. These kits provide the materials for construct- 
ing complex mechanical models without special 
tools. 

These are the only systems about which I have any 
current information. I would like to hear from people 
who know about training or laboratory systems I 
have not mentioned. Tutorial articles describing the 
design and use of servomotors as well as hydraulic 
and pneumatic systems are always welcome. 
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Editorial 


Olympics of the Mind. In addition to having the 
right technical training, solving new and unusual 
engineering problems also requires a certain way of 
thinking. The "Olympics of the Mind" competition 
is designed to foster creative problem solving among 
high school and grammar school students. 

A telephone call to the organizers, Creative Com- 
petitions, Inc., provided the following information. 
Each year, the Olympics of the Mind competition is 
presented as a set of long-term projects from which 
various teams select interesting problems. The com- 
peting students are divided into three divisions: divi- 
sion I, grades K-5; division II, grades 6-8; and divi- 
sion III, grades 9-12. Winning teams are chosen from 
each division for each problem. 

The problem areas cover a variety of topics. Last 
year's problems ranged from constructing a spring- 
powered car (the classic Leonardo da Vinci Spring 
Car) through rewriting scenes from Homer's classic 
epics (Humor From Homer). 

The object of one problem titled the "Miner's 
Helper" was to design and construct a device 
capable of exploring fanciful gold or silver mines. 
The Miner's Helper would roam an area and retrieve 
valuable "minerals." Ideally, the device would 
distinguish between "minerals" (two white ping 
pong balls and one orange tennis ball) and worthless 
"rocks" (three colored ping pong balls and three 
yellow tennis balls). One restricting factor was a $35 
price ceiling. 

All three winning teams approached the problem 
differently. The division I winners, from the 



Photo 1 . The winning division II team from left to right: Peg Moser, 
Roberta Krumholz, and Pam Gray (coaches), David Simon, Robert 
Shapiro, Roy Morton, Brad Krumholz, David Kadesh, and Blair 
Miicke. 



DESIGN • CONSTRUCTION • THEORY 

Title Order No. Price 


Handbook of Advanced Robotics T-1421 $15.95 

Projects in Machine Intelligence 

for Your Home Computer T-1391 10.95 

How to Design and Build Your 

Own Custom Robot T-1341 12.95 

How to Build Your Own 

Self-Programming Robot T-1241 9.95 

Robot Intelligence. . .with 

experiments T-1191 10.95 

How to Build Your Own 

Working Robot Pet T-1141 7.95 

Artificial Intelligence T-1076 7.95 

The Complete Handbook 

of Robotics T-1071 10.95 

Build Your Own Working 

Robot T-841 6.95 

Android Design: Practical 

Approaches for Robot Builders H-5192 12.95 

Robotics in Practice: Management & 

Applications of Industrial Robots A-7587 19.95 

Robot Manipulators: Mathematics, 

Programming and Control M-6082 29.95 

Robot Motion: Planning and 

Control M-2182 37.50 

Machine Learning, An Al 

Approach K-2054 39.50 

Readings in Artifical Intelligence K-2038 25.00 

Principles of Al K-201 1 30.00 

Write for Free Catalog 


H. D. KOHN CO. 

P.O. Box 1 6265 Alexandria, VA 22302 


Make check or money order payable to H.D. KOHN 
CO. - P.O. Box 16265 - Alexandria, VA 22302 

ORDER ORDER 

NUMBER PRICE NUMBE R PRICE 


NAME: 


STREET/APT NO 


CITY/STATE 


BOOKS 

ZIP. TOTAL 


‘SHIPPING 

'SHIPPING & HANDLING: $2.50 & HANDLING 

for first book. 75<t for each 

additional book **VA SALES TAX 

IF APPLICABLE 

"SALESTAX — VA Residentsonly 

add 4% sales tax to cost TOTAL 

of books ENCLOSED 
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LOGIC 

STEPPING 

MOTORS Cat. #1001 

These motors interface easily with 
TRS-80, Apple II. Sinclair ZX81 or 
any computer with a parallel port. 
Schematics and test programs are 
included with each order, free of 
charge. 




TYPE: Unipolar 
Operating voltage: 5VDC 
Holding torque: 36 oz/in. 

Step angle: 7.5° 

“TRS-80 is a trademark of Tandy Corp 


$13. 50 ea 

2 for $25.00 

add $1.50 per motor 

for shipping and handling. 

“APPLE II is a trademark of Apple Corp. 


STEPPING MOTOR 
CONTROLLER 1C $9.95 each 
UCN 4202A 

Will directly control cat. 1001 
(heatsink required) 

#5802 dip heatsink .95 ea 

TIP TRANSISTORS .99 each 

TIP 120 NPN, 65W, logic to motor driver 

TIP 125 PNP, 65W, logic to motor driver 


NEW 7 



> FLOPPY DISK 
STEP MOTORS 


Cat # 1002 

Operating voltage: 24 VDC 
Holding torque: 34 oz/in. 
Step angle: 15° 

$8. 95 ea 

2 for $16.00 

add $1.50 per motor shipping and handling 


Cal. res add 6% sales tax 

add 5% for shipping and handling 




BUILDING 
BLOCKS 


This modular approach to position and direction sensing of rotary 
motion lets the OEM or robotic designer fit the encoder to the job. 
instead of fitting the job to the encoder. PU-2/DISC and IM l/UNI- 
DISC form a flexible, low cost, precision dual-track encoder. Both 
packages output a 50 cycle/rev quadrature TTL square wave signal. 
OSPB processes these signals and gives up/down pulses at 1.2 or 
4 times encoder resolution A unique collet design lets DISC/UNI- 
DISC mount on standard shaft sizes of .187”, .250”, .375" and .500”. 


1. DlSC Cshaft size) 2.25" encoder used with PU 2 $29.95 


2.UNIDISC-(shaft size) 1.85’encoder used with IM l $24.95 


3. PU‘2 Retroreflective IR pick up electronics for DISC $29.95 
Includes 4-pin connector. 2” by 2" pc board. 

4. IMl Through beam IR pick-up electronics for UNIDISC. $24 .95 
Includes 4 -pin connector. 2” by 2" pc board. 

5. OSPB IX, 2X or 4X Use with PU-2.IM1 or $29.95 

any dual-track encoder. Outputs: UP/DOWN and PULSE, or 
UP and DOWN.(add-DC) Includes 4 and 5 pin connectors 


•BROCHURE- 


Terms- Purchase Order or check. Add $3.00 shipping and handling. Wash. 


residents add 7.9% sales tax. 

21318 125th SE Kent, WA 98031 


a priori 

(206)630-214 4 


Chesapeake Demo School in Virginia, designed a 
very simple device. They attached a long rubber hose 
to a box and wound a sturdy rubber band around the 
end of the hose. Contestants used long wooden sticks 
to steer the Miner's Helper to the minerals (balls). 
Another long stick forced the rubber hose over the 
ball. The ball squeezed through the constriction 
caused by the rubber band and then held in place by 
the band. Lifting the hose caused the ball to slip 
down the hose to the waiting box. 

The division II winners, from Mountainside 
School District in New Jersey (photo 1), designed a 
box attached to a 12-foot pole. After they placed the 
box over the minerals, they used a graduated ramp to 
pull the minerals up into a collection area. They 
chose a simple mechanical device over an electrical 
device to avoid unforeseen potential problem areas. 

The division III winners produced the most com- 
plicated device. The team from Warrensville 
Heights, Ohio used a drive control mechanism 
similar to that found in many remote toy cars. The 
control box allows the two wheels to be turned in- 
dependently for steering. The shovel mechanism 
used two smaller DC motors with reduction gears to 
reduce speed and increase pulling power. One motor 
raised and lowered the shovel while the other 
opened and closed a curved scoop to trap the 
minerals (balls). 

After using the remote control to move the Miner's 
Helper to a target ball, the shovel was lowered and 
closed to entrap the ball. Raising the shovel caused 
the ball to roll out of a top opening and into the 
mineral sample box. The students constructed this 
device from scrap aluminum and tin, some Erector 



Photo 2. The division III team envisioned an underwater Miner's 
Helper. The SNORC (Submersible Nautical Ore Recovery Company) 
device was designed by David Benthimer, Kevin Harris, David Tyus, 
Brian Bowling, Kevin Sedensky, and Christopher Wright. Coaching 
was provided by Dennis Ross and Dan English. 
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Modern, efficient A.T.I. Robots have the capabilities to 
increase your productivity from 20 to as much as 300 
percent, which will give you a fast return on your 
investment. 

To meet the needs of most applications, A.T.I. offers 24 
different robot models, a choice of several control 
systems, and a variety of working attachments. 

A.T.I. Robots range from the fully-pneumatic, fully- 
automatic Rapid Transfer for precision handling of 
lightweight capacities — to the rugged Roboton with a 
2000 lb. capacity . . . from a simple pick and place 
operation up to fully-articulated, seven axis move- 
ments. You can choosethe precise robot for your task. 


A.T.I. is prepared to assist you with your robotic 
engineering. Every unit is designed by our own 
engineering group. A.T.I. has complete robot manu- 
facturing facilities, and more importantly, over sixteen 
years of application experience. Call or write today for 
our complete Robot Catalog. 


AIR TECHNICAL INDUSTRIES 

7501 CLOVER AVENUE 
^ MENTOR, OHIO 44060 
\ Phone: 216/951-5191 Telex: 24-1552 
Cable Address: AIR TECH MENT 
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Editorial 


set parts, and miscellaneous electrical supplies for 
$32.00 

Notes on Submersibles. I recently attended the 
Third International Symposium on Unmanned, Un- 
tethered, Submersible Technology at the University 
of New Hampshire. The symposium discussed the 
state of the art in unmanned, untethered, submersi- 
ble vehicles (UUSVs). 

Truly autonomous submersibles stretch the limits 
of applied artificial intelligence beyond those en- 
countered with land- or space-based vehicles. An 
autonomous vehicle operating in a land environment 
can stop, look around, and take some time to make 
decisions. Space-borne vehicles, although moving 
rapidly, typically spend most of their operating lives 
in a stable environment, relative to themselves. 
Submersible vehicles, however, are constantly in 
motion. Since the water about the vehicle is always 
flowing, a submersible cannot simply stop, look 
around, and then decide what to do next. Decisions 
must truly be made in real time. 

One of the subjects discussed at the symposium 
was the need for "artificial reflexes" versus "ar- 
tificial intelligence." I think you will agree that a 
typical fish is not very intelligent. Yet, a healthy fish 
manages to keep from running into obstructions. The 
fish's instinct and reflexes note the proximity of an 
object and steer the fish away from it. 

Some biological theories propose that the fish may 


not even be ' 'aware' ' of the object it is avoiding. This 
is analogous to the human reflex of pulling a hand 
away from a hot stove before the sensation of "hot' ' 
registers with the conscious mind. The fish's senses 
detect changes in light or water motion and pressure 
and react to these changes. 

An autonomous vehicle equipped with ' 'artificial 
reflexes" could move about without fully com- 
prehending everything it senses. The vehicle could 
be instructed to travel within a defined area, avoid 
objects, and carry on-board sensors to either record 
what is seen or send the information directly to a cen- 
tral computer. This approach removes the necessity 
of analyzing volumes of confusing data. Only the in- 
formation vital to avoid running into objects is re- 
quired. Although not necessarily efficient, such a 
device could operate without human intervention. 

Another problem facing untethered vehicles is 
communication. An air- or space-borne vehicle can 
communicate through radio and laser linkages. 
Neither method works in an aquatic environment. 

How to solve this problem? Would you believe a 
sonic, 4800 bps modem operating through 5000 feet 
of water? Just such a "sonic modem” has already 
been used to transmit medium resolution, digitized 
pictures through open waters. I'll leave a full ex- 
planation of the difficulties encountered when 
deciphering an audio signal after it has bounced off 
floating objects and passed through varying water 
temperatures to some adventurous audio engineer. 


Addresses 

Amptronics 

401 North Salem Avenue 
Arlington Heights, IL 60005 
(312) 870-0883 

Electronics Institute 

5605 Troost Avenue 
Kansas City, MO 64110 

Empire Electrical Company 

54 Mystic Avenue 
PO Box 305 
Medford, MA 02155 
(617) 395-5000 

Feedback, Inc. 

620 Springfield Avenue 
Berkeley Heights, NJ 07922 
(201) 464-5181 
(800) 526-8783 

Request their Educational Products 


Hampden Engineering Corp. 

80 Shaker Road 

East Longmeadow, MA 01028 

(413) 525-3981 

Microbot, Inc. 

453-H Ravendale Drive 
Mountainview, CA 94043 
(800) 227-8909 
(415) 968-8911 

Rhino Robots, Inc. 

2505 South Neil Street 
Champaign, IL 61820 
(217) 352-8485 

Robotics International 

One SME Drive 
PO Box 930 
Dearborn, MI 48128 
(312) 271-1500 


Olympics of the Mind 

Creative Competitions, Inc. 

PO Box 27 
Glassboro, NJ 08028 
(609) 881-1603 

Smith Vocational- Agricultural High 
School 

80 Locust Street 
Northampton, MA 01060 

Stock Model Parts 

54 South Denton Avenue 
New Hyde Park, NY 11040 
(516) 328-3300 

Technical Systems, Inc. 

150 West 88th Street 
Minneapolis, MN 55420 
(612) 884-1121 
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INTELLIGENT FACTORY 1 983 
ROBOTS * CAD/CAM * SENSORS 

All in Computerized Manufacturing™— Order Now 


The 1383 


Vol. 1 of the 

Intelligent Factory Library 1 ' 


s Industry Directory 

• Third annual edition 


TM 


• Over 400 listings 
Available with bi-monthly update 


Our third annual edition has more listings than ever before— over twice as many robot models as last year’s! 
Coverage includes: 

• INDUSTRIAL ROBOTS— worldwide, with prices, complete specifications 
• CONTROLLERS • ACTUATORS • MECHANICAL COMPONENTS & PERIPHERALS 

• CONSULTANTS & ROBOT RESEARCH INSTITUTES • NAMES, ADDRESSES 
& PHONE NUMBERS— included in each listing • SPECIFICATION MATRICES • GLOSSARY 
• INDEX— fully detailed • AND MUCH MORE! 

□ 1983 Robotics Industry 

Directory $35 

□ With bi-monthly update 
(Computerized Manufacturing) 

$50 

Send orders to: 

Technical Database Corp. 

P. O. Box 720 
Conroe, TX 77305 


Name 

Title 

Function 


Company 

Type of Industry 


Address 

City 

State Zip 



The 

1983 


CAD/CAM INDUSTRY DIRECTORY 


TM 


Vol. 2 of the 
Intelligent 
Factory Library™ 


• Hundreds of detailed listings • Includes turn-key systems 

• Available with bi-monthly update 

A complete directory of CAD/CAM hardware and software. Uniform listings allow easy product comparisons. Offers 
detailed coverage of both turn-key systems and system components, including: 

• Computer-Aided Design Systems • Computer-Aided Manufacturing Systems • Computer- 
Integrated Manufacturing Systems • Computer-Integrated Design Systems 
• CAD/CAM-Oriented Computers • Computer-Aided Testing Systems • Video DisplayTerminals 
• Plotters • Graphic Printers • Special Software • Industrial Databases 
• Systems Houses • Consultants »And More! 

• Names, Addresses and Phone Numbers • Prices • Glossary • Complete Index— fully detailed 

ALL IN ONE EASY TO USE VOLUME! 

□ 1983 CAD /CAM Industry 

Directory $35 

□ With bi-monthly update 
(Computerized Manufacturing) 
$50 

Send orders to: 

Technical Database Corp. 

P. O. Box 720 
Conroe, TX 77305 


Name 

Title 

Function 

Company 

Type of Industry 

Address 

City 

State Zip 


The 

1983 


INDUSTRIAL SENSOR DIRECTORY™ 


Vol. 3 of the 
Intelligent Factory Library 


• Hundreds of sensor listings • Special vision section • Available with bi-monthly update 

A complete specification-oriented directory of sensors and in industrial processes. 

• TACTILE • FORCE FEEDBACK • POSITION • PRESSURE • FLOW 
• TEMPERATURE • LIGHT & RADIATION • SOUND • CHEMICAL PROPERTY 
• MAGNETIC •THICKNESS • HUMIDITY •VISCOCITY • SPECIAL SECTION: 
VISION & AUTOMATED INSPECTION SYSTEMS 
Details turnkey systems and system components & peripherals designed for industrial applications 

• NAMES, ADDRESSES & PHONE NUMBERS • GLOSSARY • COMPLETE INDEX— fully detailed 

n . . . . , . ALL IN ONE EASY-TO-USE VOLUME! 

□ 1983 Industrial Directory 

$35 

□ With bi-monthly update 
(Computerized Manufacturing) 

$50 

Send orders to: 

Technical Database Corp. 

P. O. Box 720 
Conroe, TX 77305 


Name 

Title 

Function 

Company 

Type of Industry 

Address 

City 

State Zip 
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ROBOTICS, CAD/CAM & INDUSTRIAL 
SENSOR DIRECTORY UPDATES 

Now included in Computerized Manufacturing™ 


Sensory 

Perceptions 


IBM EDUCATIONAL GRANTS. IBM has 

awarded complete CAD/CAM develop- 
ment systems to 20 universities. The 
awards are part of a $50 million cor- 
porate program designed to encourage 
education for excellence in manufactur- 
ing systems at American engineering 
schools. The 20 recipients were chosen 
from among 115 university applications. 
Each of the awarded CAD/CAM systems 
consists of an IBM 4341 Group II data 
processor with 16 Mbytes of main 
memory, 6.6 billion character direct ac- 
cess storage devices, graphic, color, and 
remote displays. 

BILINGUAL RECOGNITION. Scott In 
struments Corporation has formed Scott 
Instruments Canada, Inc. in association 
with Convergent Technologies, Inc. of 
Canada. The company plans to adapt the 
Scott Voice-Based Learning System for 
the English-French speaking Canadian 
market. Dr. Brian Scott, company presi- 
dent, views this move as the first step 
towards exploiting Scott's voice recogni- 
tion products in worldwide markets. 

AVATAR REVISITED. Remember Avatar? 
[Robotics Age January/February 1982, 
page 20). This experimental robot's im- 
age has since appeared in publications 


from coast to coast. This national interest 
has prompted Avatar's creator, Chuck 
Balmer, to establish his own company. 
Chuck intends to develop and manufac- 
ture a personal robot. The time of the tru- 
ly useful personal robot is fast ap- 
proaching, and Chuck intends to be out 
in front with his own product. 

HEROIC EFFORTS. Take a major elec- 
tronics company, assign a robot design 
project to the R&D team, fund liberally, 
and allow several years of intensive 
work. The result is a product such as the 
Heath Hero 1 robot. By itself, the Hero 1 
is an excellent device for teaching the 
fundamentals of robot control. It pro- 
vides a training ground for real-time pro- 
gramming mixed with a wide assortment 
of sensors. No matter what the product, 
however, people always want im- 
provements. 

Several companies already have ap- 
peared with Hero 1 enhancements. Per- 
botics, Inc. and Interface Technology 
have introduced products such as addi- 
tional programmable memory, RS-232C 
ports, CP/M-based development systems, 
and additional processors and languages. 

Speaking of the Hero 1, watch for the 
Sams book Hero 1 Advanced Programming 
and Interfacing. 


NASA/NBS REPORTS. NASA and the Na- 
tional Bureau of Standards have released 
a series of reports on robotics and ar- 
tificial intelligence subjects. The series 
summarizes techniques, available sys- 
tems, participating companies, future 
trends, and technological opportunities. 

So far the following areas have been 
addressed: robotics— increased produc- 
tivity, hazardous environment opera- 
tions, human surrogates; expert systems 
—human assistance in medical diagno- 
sis, planning, design, signal interpreta- 
tion, and instruction; computer vi- 
sion-robot guidance, industrial automa- 
tion, inspection, image interpretation, 
and aids for the visually handicapped; 
natural language processing— interac- 
tions with computers for data base 
management, question answering sys- 
tems, natural language translation, and 
text or speech understanding and genera- 
tion. For more information, contact the 
National Technical Information Service, 
5285 Port Royal Road, Springfield, VA 
22161. (703) 487-4600. 

ROBOTICS SOFTWARE PROJECT. CAM 

I, a non-profit membership organization 
engaged in the research and develop- 
Continued on page 56 


MARVIN MARK I 

The Most Sophisticated Personal/Educational Robot Available 

brains brawn 


Single Board Computer/ Motherboard 
Processor- Motorola® M68000 16 bit microprocessor 
System Memory- 128K bytes RAM expandable to 51 2K byte on board, 
expandable to 8 M byte byS-100 board. ROM up to 16K bytes. 

System 1.0. 2-RS232 serial ports, one-parallel port. These are for communi- 
cation with the outside world, internal communications between servos and 
computer are taken care of directly. 

Expansion Bus- 8 slot S-100/IEEE-696 expansion bus. 

Intelligent Servo Controller- Resident on the expansion bus is one S-100 
card with 16-full 4 quadrant power MOSFET pulse width modulated servo 
controllers with axis feedback and auto refresh. 

This Iowa Precision Robotics Ltd. Model 68-100 computer supports 
CP/M® 68K and Forth operating systems. It is also used in our Industrial 
Robot Controller where it meets exacting requirements. 

BEAUTY 

Anthropomorphic design sculptured body skin adds a finishing touch to the 
fully machined aluminum inner structure. 

IOWA PRECISION ROBOTICS, LTD. 

908- 10th Street, Milford, Iowa 51351 Phone (712) 338-2047 


Two arms, each with: 

Axis One: Shoulder is powered thru 135°. The motion you use while bowling. 

Axis Two: Shoulder is powered thru 105°. The motion you use doing jumping 
jacks. 

Axis Three: Upper arm is powered thru 135° of rotation. The motion you use 
while arm wrestling. 

Axis Four: Elbow is powered thru 115°. 

Axis Five: Wrist is powered thru 90°. 

Axis Six: Gripper opens up to Vk inches and closes down to zero. 

All arm servos are powerful enough to enable ‘MARVIN’ handling a minimum 
five pounds load in each gripper. (A six pack of your favorite beverage weighs 
approx. 4V2 lbs.) 

In addition to the 12 arm axes, ‘MARVIN’ has: 

Neck is powered thru 180° rotation. 

Waist is powered from straight up to 50° forward. This enables him to reach 
the floor with his grippers. 

Drive Wheels- Each drive wheel is an individual servo to enable 
directional control. His maximum rate of forward speed is 50 inches per 
second and he has enough power to climb a 10% incline. 
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ODEXI: THE FIRST 
FUNCTIONOID 


Marvin Russell, Jr. 
Odetics, Inc. 

1380 S. Anaheim Boulevard 
Anaheim, California 92805 


Functioniod is a term given to a 
machine for a new era in robotics, a 
word coined by an American com- 
pany pioneering this era. 

The first functionoid, unveiled in 
Los Angeles last March by its de- 
velopers, Odetics, Inc., of Anaheim, 
California, is a capabilities model we 
dubbed ODEX I. It walks on six ar- 
ticulators, or legs, and weighs 370 
pounds. 

The machine demonstrates a vari- 
ety of attributes unique to mobile, 
nonfactory robotics, including un- 
precedented strength-to- weight 
ratios and agility. We at Odetics 
adopted the word "functionoid" to 
differentiate unmanned vehicle sys- 
tems (UVS) like ODEX I from the 
single-function, fixed-platform 
robots used to automate assembly 
lines. 

Odetics intended the first func- 
tionoid to be part of a dawning era in 
the robotics industry in which a 
multifunctional unit could literally 
walk away from the factory floor and 
perform virtually anywhere. 

Later incarnations of the function- 
oid will perform a number of useful 
tasks in a wide range of applications, 
generally in environments dangerous 
for humans or inaccessible to conven- 
tional wheeled or tracked vehicles. 

The Los Angeles demonstration, 
held less than 18 months after 
development of ODEX I officially 



Photo 1 . ODEX I executes a feat of agility and 
strength during the first functionoid' s unveil- 
ing in Los Angeles last March. In this portion 
of the demonstration, the unit uses one of its 
articulators to adjust a swivel ring on top of a 
pedestal, puts the crutch tip through the ring, 
then lifts the pedestal. Each articulator can lift 
as much as 400 pounds. 


began, caught many analysts and 
researchers by surprise, since 
Odetics is a new entry to the robotics 
industry. Founded in 1969, Odetics 
manufactures high-quality audio, 
digital, and video recording equip- 
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ment for electronic information 
processing. The firm's Spaceborne 
Division has captured more than 70 
percent of the world market for 
digital magnetic tape recorders for 
use in space vehicles. 

Unlike most manufactured prod- 
ucts, the functionoid project was not 
"customer driven;" ODEX I was 
built without specific applications or 
customer requirements. The project 
was the result of a company goal to 
identify and penetrate a large market 
to protect the company's long-term 
growth and competitiveness. 

Odetics was the "customer" for the 
first functionoid and, as such, iden- 
tified six highly desirable capabilities 
as ODEX I's design objectives. These 
included mobility/walking, profile 
changing, agility/maneuverability, 
strength, stability, and self-contained 
power. 

A machine possessing these capabil- 
ities would serve as the base technol- 
ogy for future functionoids built to 
perform specialized tasks. This tech- 
nology would lend itself to such tasks 
as mining and undersea exploration. 

According to a report by SRI Inter- 
national, a Menlo Park, California 
market research organization, the 
mining industry needs a machine 
that includes ODEX I's capabilities in 
the areas of land and seafloor ex- 
ploration, fire inspection, hauling, 
continuous coal mining, and roof- 




■ RTROL: ROBOT CONTROL LANGUAGE 

A language (compatible with "Teach-in" programming) 
which allows program decisions based on any of the 
input conditions. 

RTROL programs can be easily created, displayed and 
edited with a built-in keyboard, alphanumeric display 
and printer. 


H DURABILITY: The RC-101 is constructed to with- 
stand practical industrial use. 


■ FLEXIBILITY TO CONTROL DIFFERENT 
ROBOTS: The RC-101 is currently offered with soft- 
ware for driving Mitsubishi's RM-101 "Movemaster” 
micro-robot and Sandhu Machine Designs’ XR-1 "Rhino" 
Software for other robots is forthcoming. 


B CASSETTE PROGRAM STORAGE: This 
built-in feature allows control programs to be saved or 
loaded with a cassette storage interface. 


B SOFTWARE: An RTROL language subset for the rm-ioi or xr-i is available for use on the 


EASE: The RC-101 simplifies 
robot programming and 
operation by combining 
manual "Teach-in" program- 
ming, decision making capa- 
bility and numerous interfaces in one unit. 


B REAL WORLD INPUTS/OUTPUTS: 

Standard features of the RC-101 include six TTL level or micro-switch inputs, four 
photocell inputs with adjustable sensitivity and two contact closure outputs. 


Apple II + or Franklin Ace. 


Order these fine products from 



STANDARD RC-101 $2260. 

MITSUBISHI’S "MOVEMASTER ”. . . $2340. 
SANDHU’S XR-1 $2400. 


Ill EAST ALTON AVE., SANTA ANA, CA 92707 (714) 556-8679 


Dealer inquiries are welcomed. 
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bolting. 

The nuclear power industry is 
another promising commercial mar- 
ket. SRI International reports poten- 
tial applications for functionoids in 
nuclear power production in the gen- 
eral areas of plant surveillance and 
inspection, reactor maintenance, 
decontamination, accident recovery/ 
emergency response, refurbishing/ 
decommissioning, and waste storage. 

A functionoid has a number of like- 
ly applications in the armed forces. 


include agriculture, security, forestry, 
construction, utilities, and medicine. 

Maneuverability. The first and 
most difficult design objective to 
achieve was the mobility/walking 
capability. The advantages of a walk- 
ing machine become quite clear, 
since wheeled or tracked vehicles 
can traverse only about half of the 
earth's land surface. 

Odetics is not the first organization 
to recognize the potential of a walk- 


Today, Ohio State University in 
Columbus and Carnegie-Mellon Uni- 
versity in Pittsburgh are the two 
leading American educational in- 
stitutions in the research of mobile 
robotics. The USSR's Moscow State 
University and a $140 million 
cooperative effort between Japanese 
government and business represent 
the most extensive overseas develop- 
ment efforts. 

Odetics' functionoid' s walking at- 
tribute is characterized by a tripod 




Photos 2a, b. ODEX I can assume several different profiles to adapt to particular applications. 
In the narrow profile, ODEX I can walk through doorways, hallways, and other narrow open- 
ings, with a width of only 21 inches. The squat profile puts the distance between ODEX I's artic- 
ulators at 72 inches. With the payload area only 36 inches off the ground, ODEX I can continue 
to walk. This profile also enables ODEX I to assume other profiles very quickly. 


The first of these appears to be sentry 
duty. This is a natural for a machine, 
since human sentries quickly grow 
fatigued with this boring work, and 
it's very costly for the Department of 
Defense. Other industries to which a 
functionoid may one day be applied 

14 


ing machine. Patents for various 
types of walking devices date back 
more than 100 years. General Electric 
Corporation's four-legged "walking- 
truck" built for the U.S. Army in the 
late 1960s is one of the landmark 
achievements in this field. 


gait. The system raises three articula- 
tors to advance. These articulators 
continuously alternate with three 
other articulators momentarily on 
the ground supporting the machine. 

The three advancing articulators 
are called "translators," and the 
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Photo 3. ODEX I begins its demonstration of its climbing capability by stepping onto the 
tailgate portion of a pickup truck. The functionoid will eventually climb completely into the 
truck and still be compact enough to allow the tailgate to be closed. 


Photo 4. ODEX I walks in the normal profile while lifting the back end of a 2200-pound truck 
rigged with a special lifting bracket. The first functionoid can lift nearly 900 pounds at normal 
walking speed, or 2.3 times its own weight. 


three load-carrying articulators are 
called "strokers." The tripod gait was 
chosen for stability and speed. ODEX 
I can travel at what, for a person, 
would be a brisk walk. 

Obviously, the more strokers per 
gait, the greater the functionoid' s 


payload capacity. We consider the 
capacity with three strokers to be the 
acceptable minimum. To develop the 
walking algorithms, we supported 
the ODEX I s primary structure from 
a ceiling beam so that none of the ar- 
ticulators reached the floor. 


We also used computer color 
graphics for this same purpose. Color 
graphics can indicate quickly 
whether translators and strokers are 
in sync. It was an excellent software 
debugging tool. 

In addition to its pure walking 
ability, the functionoid can assume 
several different profiles, including 
what we call tucked, tall, squat, nor- 
mal, low, and narrow profiles, to 
adapt to particular applications. 

In the tucked profile, with the ar- 
ticulators folded against the primary 
structure, ODEX I is positioned for 
minimum exposure. It stands only 48 
inches tall, with a total width of 27 
inches. 

The tall profile raises the payload 
area to 78 inches, enabling ODEX I to 
peer over obstacles. The articulators 
reach maximum extension in this 
profile at 65 inches. 

Though the squat profile puts the 
distance between articulators at 72 
inches, ODEX I can still walk in this 
position. With the payload area only 
36 inches off the ground, this profile 
has the added advantage of being 
able to assume other profiles quickly. 

The normal profile provides max- 
imum freedom of articulators and 
maximum speed. With 105 inches be- 
tween articulators in the low profile, 
ODEX I's center of gravity is at its 
lowest point and presents the most 
stable position. In the narrow profile, 
ODEX I can walk through doorways, 
hallways, and other narrow openings 
with a width of only 21 inches. 

We felt that agility/maneuverabili- 
ty and (very importantly) strength 
were the milestones within our six 
design objectives that could make the 
greatest impact in the technology of 
robotics. We wanted the functionoid 
to be able to traverse rough terrain 
and take high steps. Indeed, ODEX I 
is capable of climbing steps 33 inches 
high. 

To achieve this, we placed on board 
18 motors, three associated with each 
articulator. The largest of the three 
dictates vertical movement. The 
other two are identical and control 
extension and swing. 

A dramatic example of this climb- 
ing ability was offered during our in- 
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troductory demonstration when 
ODEX I climbed into and out of the 
back of a pickup truck. The task was 
achieved through a combination of 
teleoperator controls and automatic 
step climbing. 

Operator Control. The teleoperator 
begins by positioning ODEX I in 
front of the truck's tailgate and ac- 
tivating a step-climbing addendum to 
the normal walking program using a 
joystick control unit. The teleopera- 
tor assists the functionoid in initially 
finding the exact location of the 
tailgate edge. 

From that point, the functionoid 
walks up the step under complete 
teleoperator control for horizontal 
motion and under totally automatic 
control for negotiating vertical mo- 
tion. The descent from the truck is 
performed in the same manner. 

We "paper trained" the func- 
tionoid to verify the algorithms for 
this routine. That is, before we had it 
actually climb into a truck, we took a 
large piece of paper and made a 
drawing of the truck bed. Placing this 
model on the floor resulted in a suc- 
cessful rehearsal of the routine the 
first time we used the vehicle. 

On each articulator is a decal with 
numbers 0 through 5 for ease of 
teleoperator identification. These 
numbers play a role in a further ex- 
ample of agility and maneuverability: 
we use one of the articulators to ad- 
just a swivel ring on top of a pedestal, 
put its crutch tip through the ring, 
then lift the pedestal. 

To accomplish this, the teleopera- 
tor selects the desired articulator and 
enters the number with a thumb- 
wheel switch on the control unit. The 
operator chooses the algorithm for 
this "articulator mode," then simply 
uses the joystick to move the articula- 
tor horizontally, and then adjusts the 
stepping height knob for vertical 
movement. 

ODEX I's ability to change direc- 
tions in mid-stride and to rotate while 
moving required extensive research. 
Ironically, these feats of agility de- 
mand very little of the teleoperator. 
To rotate the system while it is walk- 
ing, for instance, the teleoperator 


must only adjust the rotation rate 
knob on the joystick control unit to 
have the system gyrate to the left or 
right. 

The functionoid' s ease of operation 
is noteworthy. The teleoperator 
presently is concerned only with 10 
switches and knobs and a joystick. 
Future functionoids will have 
simpler controls. 

Strength. Our ability to add strength 
to the functionoid was a milestone. A 
walking machine must be very strong 
simply to lift its own weight. The 
machine is under tremendous stress 
when merely extending articulators 
to take a step. 

The more weight placed on a 
machine like the functionoid, the 
more power is required, and some 
agility could be lost. We wanted to 
ensure that, when functionoids start 
supporting heavy payloads and per- 
forming heavy lifting tasks, agility 
will not be impaired. 

The best example of the function- 
oid' s strength was demonstrated last 
March when we put ODEX I in a 
squat profile behind a pickup truck 
rigged with a special lifting bracket. 
The functionoid raised itself on three 
legs and lifted the back end of the 
2200-pound vehicle. It then proved 
itself equally strong in the normal 
profile as it walked across the floor, 
turning the truck's position 90 
degrees. 

ODEX I can carry a maximum load 
of nearly 2100 pounds (5.6 times its 
own weight) while in a stationary 
position with all six articulators on 
the ground and nearly 900 pounds at 
normal walking speed (2.3 times its 
own weight). The load capacity of 
any one articulator while the unit is 
operating is 400 pounds. 

ODEX I is the first walking 
machine in which strength-to-weight 
ratios are thought of in multiples of 
unit weight. Its strength is maximized 
because ODEX I practices concepts a 
person would use to lift a heavy load. 

ODEX I assumes a wider profile for 
stability while lifting, and the weight 
is centrally located on the primary 
structure for greatest capacity. Dur- 
ing the truck-lifting demonstration, 


the teleoperator shortened the stride 
length for better weight distribution. 

Since we wanted a machine that 
could traverse rough terrain and per- 
form other necessary tasks, we de- 
signed a functionoid that could main- 
tain a very stable platform. ODEX I's 
stability is achieved primarily 
through use of a rigid leg structure 
with active suspension. Should it stop 
on the side of a hill, the system would 
lock the articulators and remain very 
stable. 

Self-contained power, the final 
milestone we wanted to achieve with 
ODEX I, was completed early in the 
development cycle with the installa- 
tion below the primary structure of a 
standard 24V, 25 amp-hour aircraft 
battery. 

ODEX I runs on 450 watts and re- 
quires a recharge after about one 
hour of normal walking. When the 
system stops, the teleoperator can 
shut off all power except a "wake 
up" circuit. ODEX I draws only 2 
watts when in this stand-by mode. 
We are currently looking at alter- 
native power sources to extend the 
power ranges, but for the purposes of 
the capabilities model, we had all the 
power we needed. 

Other attributes of ODEX I include 
ease of repair due to the use of 
modular parts. An entire articulator, 
for example, could be changed with- 
in an hour. The functionoid' s circular 
design makes it omnidirectional. The 
design also provides complete articu- 
lator overlap capability. Each leg can 
enter another leg's zone of operation. 

The articulators have a folding 
mechanical attribute as well. ODEX I 
can assume a tucked profile, because 
one section of an articulator can fold 
into the operating area of another sec- 
tion of that same articulator. 

The circular design distinguishes 
the functionoid from other walking 
machines. Previously, most walkers 
featured articulators stemming from a 
long, rectangular primary structure. 

As we were building a prototype of 
a very advanced technology, almost 
all of the mechanisms for ODEX I 
were custom-made. We created the 
design, and in most cases, even con- 
structed these mechanisms ourselves. 
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Figure 1. ODEX I has six computers referred to as "level 1" computers— one for each articulator. A peripheral data distributor (PDD) com- 
municates to these computers via a 50-conductor ribbon cable, daisy-chained and terminated at the last articulator . The PDD conducts the data 
flow to an on-board "level 2" computer through an interface. This level 2 computing system accepts commands from the joystick control unit and 
computes the required articulator motion using algorithms developed in-house. The joystick control unit communicates with ODEX I's com- 
puting system through a radio link. 


Control Computers. Odetics also 
designed the functionoid's comput- 
ing system. ODEX I has six level 1 
computers, one for each articulator. 
Each computer features three circuit 
boards. 

One circuit board provides status 
reports for the higher computer level 
and accepts and interprets commands 
for actuating the articulator motors. 
The other two are servocontroller 
boards, which accept instructions 
from the first circuit board and exert 
direct control over the articulator. 

A peripheral data distributor (PDD) 
communicates to these computers 
via a 50-conductor ribbon cable, 
daisy-chained and terminated at the 
last articulator. The PDD conducts 
the data flow to an on-board "level 2' ' 
computer. This level 2 computing 
system accepts commands from the 
joystick control unit and computes 
the required articulator motion using 


algorithms developed in-house. The 
remote joystick control unit com- 
municates with ODEX I's computing 
system through a radio link. 

We were able to develop and test 
the level 1 computing system, the ac- 
tual servocontrol, before the higher 
level software was completed. The 
entire software package was com- 
pleted in 10 months. 

This software uses extensive assem- 
bly language and some high-level 
language to incorporate the algo- 
rithms we developed for mobility. We 
also created the computer hardware 
system, using off-the-shelf micro- 
processors and integrated circuits. 

Development. Although all the ac- 
tual work required to build the first 
operational functionoid was done in 
less than 18 months, the idea for this 
walking machine was first conceived 
more than 10 years ago. The funds 


needed to proceed with develop- 
ment, however, were not available 
until Odetics became a publicly-held 
company in July 1981. A few months 
later, the board of directors autho- 
rized the first phase of ODEX I's 
development. 

We put together our research and 
development team of mechanical and 
electrical engineering and computer 
science experts and leased space for 
an operations center. By June 1982, 
we had successfully tested an operat- 
ing articulator. 

By September, we had created a 
teleoperated machine with an um- 
bilical cord that served as the com- 
munications link between the remote 
higher level computing system and 
the lower level computers on-board 
ODEX I's primary structure. We also 
achieved self-contained system 
power. 

At this point, the functionoid looked 
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Figure 2. There are 18 motors on board ODEX I, three associated with each articulator. The 
largest of the three dictates vertical movement. The other two are identical, controlling exten- 
sion and swing. 


like the capabilities model we demon- 
strated at the March unveiling, except 
for the umbilical cord and an empty 
10-inch span on top of the primary 
structure. The electronics package 
was eventually placed here. During 
phase 2 of ODEX I's development cy- 
cle, we completed the difficult goals of 
removing the umbilical cord and plac- 
ing the level 2 computing system on- 
board the first functionoid. 

ODEX I and a twin unit, ODEX II, 
were designed specifically to demon- 
strate the capabilities discussed in 
this article. The next generation func- 
tionoid will have other attributes 
designed to study its feasibility in dif- 
ferent environments. Vital mecha- 


nisms and electronics will be sealed 
against the elements to prepare 
ODEX III for environmental testing. 

We eventually want ODEX III to be 
autonomous, receiving only very 
general orders. We would like ODEX 
III to be able to proceed to an ordered 
position by picking and negotiating 
its own route. 

Both autonomous and teleoperated 
functionoids will require accurate vi- 
sion systems, not only for indoor ap- 
plications such as nuclear power 
plants and security, but also for the 
exploration of different planets. 

A future vision system might in- 
clude stereo television with optical- 
ranging and ultrasonics to help de- 
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termine dimensions and distances 
and perceive objects in the func- 
tionoid' s line of sight. In addition, 
we hope to develop tactile sensors for 
the articulators. 

Conclusion. Our decision to develop 
the first functionoid has been a 
rewarding one. James M. Beggs, ad- 
ministrator of the National Aeronau- 
tics and Space Administration, a cus- 
tomer of our Spaceborne tape record- 
ers, wrote us shortly after the ODEX 
I announcement that, "NASA is 
proud to be associated with private 
sector firms which are willing to pay 
the price and to take the risks 
necessary to bring about advances 
such as this." 

We believe that when historians re- 
count the evolution of walking ma- 
chines, Odetics' research will be con- 
sidered an important part of the de- 
velopment of this technology. The 
functionoid also makes excellent 
business sense. The price we will 
place on future functionoids will vary 
with the embodiment, form, and ap- 
plications they will be used for, as 
well as with the quantity ordered. 
Odetics expects to market function- 
oids directly and use joint venture 
licensing agreements. 

We will bring to the market a tool 
that will allow humans to go places 
and do things that until now have 
been unsafe or impossible. This ma- 
chine will help us achieve what we 
originally intended to do: help our 
company enjoy continued growth 
and competitiveness. □ 
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PERSONAL ROBOTS 

peripherals and software for Personal Robots 


MICROMATION introduces a new line of products designed to enhance Heathkit's® HERO-1 robot. These products eliminate the 
current problem of having to hand code programs into the robot. They provide the software and hardware necessary to allow 
rapid development of long, meaningful programs for HERO on your personal computer. Our software will also provide you with 
examples of advanced programming techniques and show you how to generate artificial intelligence programs in machine 
language. 


HERO MEMCOM BOARD 

This product provides a means to develop programs for the 
robot using a personal computer, and expands the robot's 
memory with an additional 30K of RAM. A large wire-wrapping 
area is also available on the board for user experimentation. 
The product includes: 

• Two 8-bit bi-directional parallel ports with handshaking 
lines for superfast data transfers between the robot and a 
computer (connects directly to our APPLE-HERO COMMUNICA- 
TOR board), plus two 16-bit timers. 

• An RS232 serial port for two-way communications be- 
tween the robot and any computer having an RS232 serial 
port. 

• Serial communications software in an onboard EPROM 
which allows uploading and downloading of programs via the 
RS232 port. 

• Sixteen 2K RAM chips in sockets so 2K EPROM chips may be 
substituted, if desired. "Memory Protect” and "Ram Supply" 
are used for each RAM chip so programs will not be lost when 
robot enters "sleep" mode. 

• A large (2" x 5") wire-wrap area with CPU address, data and 
control lines, ±5V, ground, and others readily available. 

• All hardware to mount board on rear door of robot and to 
connect board to the robot's CPU board. 

• Complete instruction manual and schematics. 

PRICE $295.00 


APPLE-HERO COMMUNICATOR 

This product provides the hardware and software 
necessary to implement two-way high speed parallel com- 
munications between an APPLE® computer and a HERO-1 
robot equipped with our HERO MEMCOM BOARD. The product 
includes: 

• A peripheral card for an APPLE that contains two 8-bit 
parallel ports with handshaking lines, and two 16-bit timers. 

• A ribbon cable (about 5 feet long) with connectors for con- 
necting the parallel ports on the card to those on the HERO 
MEMCOM BOARD. 

• Data transfer software for the APPLE board and for the 
HERO MEMCOM BOARD burned into two 2716 EPROMs. These 
programs provide ultra fast two-way communications for 
rapid downloading and uploading of programs. 

• A disk containing heavily commented 6808 and 6502 
source codes for the communications software. These source 
codes are compatible with the S-C MACRO ASSEMBLER and the 
S-C 6800 CROSS ASSEMBLER available for the APPLE from the 
S-C SOFTWARE CORPORATION. Programs developed using the 
S-C 6800 CROSS ASSEMBLER can be immediately downloaded 
and run on the robot using this product and our HERO MEM- 
COM BOARD. 

PRICE $159.00 


STORYTELLER 

This is an artificial intelligence program that turns HERO into a teller of galactic tales. The program uses an advanced self- 
programming technique which allows the robot to speak randomly generated, but grammatically correct, sentences concern- 
ing his space voyages. The program is both amazing and amusing. After listening to the robot for a while one gets the impres- 
sion that it has just returned from a space battle with alien invaders. 

PRICE: Tape (machine code) $15.00 Disk (source code) $25.00 


ROBOT LANGUAGE MACRO 


This program consists of an S-C 6800 CROSS ASSEMBLER macro source code which completely implements the HERO Robot 
Language opcodes. This macro provides the user with a very fast means of developing programs for the robot when used in 
conjunction with our APPLE-HERO COMMUNICATOR and HERO MEMCOM BOARD. The S-C 6800 CROSS ASSEMBLER is required in 
order to use this product. PRICE $35 00 


6808 CROSS DISASSEMBLER 

This program allows 6808 machine code resident in an APPLE'S memory to be disassembled in a format similar to that used 
by the APPLE monitor. Disassembly can be performed optionally into text files for later EXECing into the 6800 CROSS 
ASSEMBLER. Machine code resident in HERO'S memory (like the robot's monitor) can be made into source codes by first 
transferring the code to the APPLE'S memory (using the APPLE-HERO COMMUNICATOR and HERO MEMCOM BOARD) and then 
disassembling to a text file. This text file can then be EXECed into the S-C 6800 CROSS ASSEMBLER and meaningful comments 
added. Source code for the program is also available. 

PRICE: Program only $35.00 Program and source code $55.00 


Send check or money order to: 

MICROMATION INC. 

9104 Red Branch Rd. 

Columbia, MD 21045 



For information call: 

(301)730-1237 

9 am-5pm Monday through Friday 
MasterCard & Visa welcome 
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A COG-WHEEL DRIVEN 

ROBOT CART 


James R. Grote 
8 Admiralty Place 
Redwood City, California 94065 


Robot factories need robot trans- 
port. Something has to carry raw 
material to all those 7-degree-of- 
freedom robot arms, and finished 
products need to get to the shipping 
crates. The necessary machines are 
mostly large (payload of 50 pounds) 
and expensive (over $10,000). Small 
firms, in light industry doing batch 
work, generally do without robots. 
One reason may be the lack of inex- 
pensive, low-cost robotic transport. 

Transport Methods. A variety of 
machines are used to move things 
about in a plant. Among them are 
conveyers (including programmable 
conveyers), hand carts and small 
trucks (including complex robot con- 
trolled vehicles), and tracked 
vehicles constrained to run along a 
network of fixed guide rails. Each of 
these transport systems has advan- 
tages and disadvantages, either in 
cost, flexibility, or accuracy. Some are 
more useful in automated factories 
than others. 

An Ideal Transport System. By 

definition, automated transportation 
runs without human intervention, at 
least for routine operations. To 
replace people, a robotic transport 
system must do what people do, bet- 
ter (in some way) than people. 

What do people really do in fac- 
tories that makes them difficult to 
replace? Last year, I arranged to visit 


a number of small assembly plants in 
the San Jose, California area. Several 
were printed circuit board manufac- 
turers, employing about 15 to 30 peo- 
ple. For potential roboticists, these 
visits have much to recommend 
them: ideas for robotics applications 
accumulate with each one. 

Firms of this size live on batch 
jobs— making from a few up to 
several thousand of one kind of 
printed circuit board and often dif- 
ferent sizes and kinds at a time. They 
are not like the large electronics 
manufacturers, which can amortize 
hard automation over millions of 
identical pieces. 

In a small PC board plant (and in 
other assembly plants where I have 
worked or visited) people perform at 
least two essential services on the 
plant floor: 

• People fetch things. They know 
where things are, and they get 
them and bring them to the right 
place at the right time. 

• People align, affix, or otherwise 
bludgeon parts into position 
relative to other parts or tools. 

In addition, people detect faults 
and know what to do when they find 
them. 

In a typical batch PC board com- 
pany, more than half the work force 
is involved with fetching (getting the 
bulk PC board material) and align- 
ment (placing it in the numerically- 
controlled router). A plant transport 


system must mimic this human capa- 
bility. It must know where things are 
and when and where to take them 
(fetching). A manipulator must place 
parts onto and remove them from the 
system (alignment). 

A good transport system usually 
has three functions: controller, 
transporter (vehicle), and manipula- 
tor. The manipulator function can be 
part of the robot work cell, or it can 
be part of (or mounted on) the vehi- 
cle. 

The Importance of Alignment. For 

a robot or tool to manipulate a part ar- 
riving on the transporter, it must 
know where the part is located. 
There are two basic ways it can know 
this: it can use sensors to search for 
and locate the part, or it can operate 
blindly, depending on accurate align- 
ment of the transport system. 

A typical part at a work station 
must be aligned and positioned to 
considerable accuracy. It makes 
sense not to throw away this align- 
ment when the part is placed on the 
transport system. Alignment and 
positional accuracy are effectively 
products of the plant as much as the 
PC boards or widgets that go out the 
door. If you throw alignment away 
you must restore it at the next work 
cell. This restoration requires sensors 
(expensive), machines that sort or 
place (expensive vibrating sorters), or 
people (also expensive). 
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Photo 1. View of the cog-wheel system used on the first mountain climbing railway in the 
world. This railway is located on Mt. Washington in New Hampshire. The cog-wheel system 
enables the engines to climb an average grade of 25 percent over 3V2 miles. The steepest incline 
is 37.41 percent. Photo courtesy of Trask’s Studio and Mt. Washington Railway Company. 
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Photo 2. The robot cart. The coiled wire carries only the encoder signals. The motor drive 
sprocket is to the left on the chain. The encoder is visible to the right of the motor. 


The transport system, if possible, 
should carry information (in this case 
parts orientation) along with the part. 
This requirement constrains the type 
of carrier you can choose. The major 
constraint is a stable platform for 
holding objects securely. 

Fixed Track Vehicles. A good solu- 
tion for this transport problem is a 
vehicle that runs on fixed tracks or 
rails. The prototype of this tracked 
system is the model railroad train. I 
think a computer-controlled model 
train would make an excellent proj- 
ect for a low-cost experimental 
robotic transport system. In fact, it 
might even be practical for light-duty 
commercial use in some applications. 

The main problem with model rail- 
roads, apart from limited payload 
and reliability, is the difficulty of 
achieving accuracy in the fore-aft 
direction. Lateral resolution (posi- 
tional accuracy) depends on track 
placement and slop in the wheels and 
undercarriage. It can be as good as a 
few thousandths of an inch. 

Fore-aft resolution requires the ad- 
dition of a position encoder to keep 
track of wheel revolutions. There is 
no simple way to account for wheel 
slippage and skidding, however, par- 
ticularly if gradients are encoun- 
tered. While these errors are not 
great, they accumulate with time and 
result in a drift in indicated position. 
The only way to overcome the prob- 
lem on smooth-wheel vehicles like 
trains is to use an external positional 
reference to continually update or 
"zero" the encoder. 

Cog-Wheel Drive. This slippage 
problem is eliminated with the use of 
a cog-wheel drive. This drive system 
consists of a drive gear on the vehicle, 
which meshes with a toothed track. 
Cog-wheel drives are nothing new; 
they have been used on railroads 
since the last century to prevent 
wheel slippage of the engine on steep 
grades (see photo 1). 

I have developed a transport 
system that uses this drive system. 
The result is a simple, sturdy robot 
vehicle that ought to be suitable for 
many transport tasks. It is simple and 


cheap enough for a home or school 
project but so far has proven to be 
sufficiently reliable and accurate to 
merit consideration for light in- 
dustrial applications. 

General Description. The robot is a 
four-wheeled cart driven by an on- 


board DC gearmotor (photo 2). Vehi- 
cle position is monitored by an on- 
board rotary position encoder, which 
detects rotation of the vehicle 
wheels. Control and interface elec- 
tronics and power supplies are off the 
vehicle. 

I use the Apple II computer to con- 
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Photo 3. Power is provided to the robot cart through brushes riding over a nickel-silver 
N-gauge track. Power could optionally be transmitted through a coiled wire. 


trol the robot. The Apple II is con- 
nected to the control electronics via 
two 8-bit parallel ports: one for out- 
put (motor speed/direction control) 
and one for input (encoder position). 

The cart runs on a cog-track system 
made of parallel automobile engine 
timing belts stretched flat and glued 
onto aluminum strips. The aluminum 
can then be mounted on any flat sur- 
face. Power for the drive motor can 
be provided either by trailing wires 
or by a power track with brushes on 
the vehicle. For the prototype, I used 
N-gauge model railroad track 
mounted between the two rubber cog 
tracks (photo 3). This is quality 
material made of nickel-silver and 
shows no sign of oxidizing. 

Vehicle Operation. Programming 
and operating the vehicle is simple. I 
have taught a number of people to 
use the system in less than half an 
hour. The robot can be programmed 
to move along the track in either 
direction and stop at any position. 
The length of time it stays at a posi- 
tion can be programmed, or the robot 
can be told simply to wait until it 
receives an external signal before 
continuing. 

In the prototype, this external 
signal comes from the keyboard. 
When the robot is in a wait state, the 
operator can make it continue to the 
next position by typing R (for RUN). 
The signal could as easily come from 
any external source, such as the robot 
work station where the cart is 
located, or from a central control 
computer. This "continue" signal 
provides a method for coordinating 
the motion of the robot cart with the 
operations of the rest of the plant. 

The Robot Operating System 
(ROS). The robot operating system, 
written in 6502 assembly language, is 
divided into two parts: TEACH and 
RUN. The operating system automat- 
ically starts in the TEACH mode. In 
this mode, the operator can move the 
robot to the different locations either 
manually by pushing the cart, or by 
pressing the arrow keys on the key- 
board. These keys turn the motor on 
briefly in the forward or reverse 


direction. Repeatedly pressing these 
arrow keys drives the robot to any 
position. 

When the robot reaches a desired 
position, the operator enters this loca- 
tion, along with the time the robot is 
to wait there, into program memory 
by pressing the S key (SET), followed 
by a time unit. Time units from 1 to 9 
or the letter W (WAIT) can be 
entered. Each time unit causes a 
delay of about 2 seconds. A program 
consists of a set of positions and 
associated time delays. Up to 31 posi- 
tions may be saved for any program. 

Robot Operation. To run the pro- 
gram you have just entered, press the 
R key. This resets the program 
memory to the first position you 
entered and moves the robot to that 
position. The cart then goes to each 
position sequentially, waiting at each 
location for the programmed length 
of time. When the robot reaches the 
final programmed step, the program 
resets to position 1, and the robot re- 
peats the cycle. If the time stored at a 
position is W, the cart remains at that 
location until the R key is pressed. 

Zeroing the Encoder. When the 
operating system is first entered, a 
value of hexadecimal 50 (decimal 80) 
is stored in program position mem- 


ory. This number represents the cart 
position. It is updated (incremented 
or decremented) by the position en- 
coder logic which monitors the rota- 
tion of the robot drive wheel. Since 
the cart can be in any position when 
the power is turned on, the position 
should be reset or "zeroed" before 
you enter a program. 

Zeroing can be done at any time, in 
either the RUN or TEACH mode. By 
triggering a remote switch located on 
a post on the rail platform, hexa- 
decimal 50 replaces the current value 
in program position memory. 

The ability to zero the position at 
any time allows the possibility of 
automatic zeroing. A simple way to 
accomplish this would be to replace 
the toggle switch by a microswitch or 
other switching device set in the path 
of the vehicle. Each time the robot 
passed the switch location, the switch 
would be triggered. 

Screen Format. A video display 
driver provides key information 
about the robot to the programmer. 
The following information is provid- 
ed (photo 4): 

• basic command instructions 

• operating state status (RUN or 
TEACH) 

• position of the robot 

• time at the position. 
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Photo 4. Robot operating system (ROS) screen format. A program can have up to 31 separate 
position steps. Time at each position is programmable. 



Photo 5. Vehicle construction. Wheels are timing belt pulleys on l A inch shafts and ball bearing 
hangars. The plug at the top brings power to and signals from the shaft encoder (next to the 
motor). Note the brushes and the large (l/*f) capacitor on the motor. The capacitor is necessary 
to reduce noise on the encoder line. 


Mechanical Hardware. The vehi- 
cle's construction is very simple 
(photo 5). The major components 
consist of the frame, wheel assembly, 
drive chain, shaft encoder, and 
motor. Power for the motor is taken 
off the central track with brushes 
mounted on the cart. A wire assem- 
bly brings power to the shaft encoder 
and takes encoder signals from the 
vehicle to the computer. 

The vehicle frame is a piece of Va 
inch aluminum to which all assem- 


blies are mounted with machine 
screws driven into holes tapped into 
the frame. The drive motor is a Pitt- 
man 24 VDC gearmotor with a 10:1 
reduction gearbox. Power is taken to 
the wheels in two reduction stages, 
yielding an overall ratio of about 
60:1. Each vehicle wheel rotation 
drives the vehicle exactly 6 inches. 

Top speed is about 9 inches/second. 
At this gearing, the motor has no trou- 
ble driving the vehicle with payloads 
of more than 5 pounds. 


THE NATIONAL 
SYMPOSIUM 
ON ROBOTICS 

October 23-25, 1983 

The Twin Bridges Marriott Hotel 
Arlington, Virginia 

r//£7W£' ’Meeting the Foreign Challenge 
to U.5. Industrial Leadership with Robots." 


KE YNO TE SPEECH "Should There Be o 
Notional Policy and Legislation to En- 
courage Greater Use of Robotics Tech- 
nology?" 

— Walter Weisel, President 
Robotics International 
(1962-83) and Robot Institute 
of America ( 1 983-84) 

President, Prab Robots, Inc. 


S YMPOS/UM CHAIR : George Munson, 
Vice President, Uni motion, Inc. 

Session Chairpersons- 

— Les Ottinger, President 
Robot Systems, Inc. 

— James West, Vice President 
Percepfron, Inc. 

Expert talks on robotics from 
representatives of: 

— Cincinnati Milacron 

— Predicasts, Inc. 

— United Auto Workers 
— Prab Robots, Inc. 

— Revlon, Inc. 

— Purdue University 
— General Electric Co. 

— Massachusetts Institute of 
Technology 
— GCA Corporation 
— Video Tech, Inc. 

— Cose Western Reserve University 
— Lehigh University 
— GMF Robotics Corporation 
— Caterpillar Tractor Co. 

Plus interesting and informative discus- 
sions on: 

— Gaining a competitive edge with 
robots 

— Current technical needs to ad- 
vance the state of the art 


For detailed information, write or call: 
Meeting Coordinator 
Advanced Technology 
Conferences, Inc. 

5017 56th Place 
HyottsviHe, Maryland 20781 

Tel: 301-864-1663 
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LASER SCANNING MOTOR 

Our hysteresis synchronous motors can be 
made to your specs for either broad or narrow 
band applications, with 300 to 48,000 rpm, for 
15 through 1600 Hz, and with 2, 4, 6, 8, or 12 
poles. We can even mount the polygon for you. 


Call or write 
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VERNITECH 

a division of Vernitron Corporation 

300 Marcus Boulevard, Deer Park N Y. 11729 
(516) 586-5100 / TWX 510-227-6079 


SCOT A 

SPEECH SYNTHESIZER 






$50 Each 
($40 in 
hundreds) 


Order in Ones or Thousands 


The SC 01 A Speech Syn- 
thesizer is a completely 
self-contained solid state 
device. This single chip 
phonetically synthesizes 
continuous speech of 
unlimited vocabulary. 
Computer interfaces and 
text-to-speech algorithms 
also available for product 
development. 

Micromint is the largest U.S. 
distributor of the SC-01 A. 
Call us for a price quote. 

Votrax is a trademark of Federal Screw Works 

Call Toll Free: 1-800-645-3479 

(In N.Y. State Call: 1-51 6-374-6793) 

For Information Call: 1-516-374-6793 

Add $2.00 for shipping & handling. 


MICROMINT INC. 

561 Willow Avenue 
Cedarhurst, NY 11516 


Call for 

quantity pricing. 
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The DC servomotor/shaft encoder 
is not the only solution for powering 
small robot vehicles. One reason I 
used this combination was that I had 
all the parts left over from another 
project. One drive option would be 
using a stepper motor. Steppers use 
less hardware, since they can be 
driven and accurately positioned 
without position feedback (open 
loop) provided you can be sure that 
the payload range is never exceeded. 
The disadvantage of using steppers 
open loop is that the position of the 
robot is defined (by the computer) as 
being equal to the number of signals 
sent to the motor. If something im- 
pedes the vehicle so it can't move 
when a signal is sent, the stored robot 
position is inaccurate. 


Electronics Hardware. Besides the 
Apple II computer, the robot control 
hardware includes a parallel inter- 
face, logic hardware board, 5V power 
supply board, motor power amplifier 
board, a 14.5 VDC 10 Amp motor 
power supply, and the shaft encoder 
(photo 6). Hardware for the encoder 
and motor control logic, 5V power 
supply, and motor power amplifier, is 
located on three experimental perf 
boards (photo 7). 

Parallel Interface. The I/O channel 
for all signals between the computer 
and the robot is the parallel interface 
board, from John Bell Engineering, 
which plugs into slot 3 in the Apple's 
expansion interface. This board has 
two separate 6522 versatile interface 



Photo 6. Electronics hardware. From right: motor power supply, case for control logic boards. 
The Apple II computer serves as the controller. 



Photo 7. From left: logic hardware board (motor speed control and shaft encoder logic), motor 
power amplifier board, logic level power supply ( ±5 VDC). 
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adapter (VIA) chips. Each 6522 has 
two 8-bit parallel ports. The 6522s 
have useful features, such as 16-bit 
programmable timers. 

I channeled all control and data 
signals through one of the 6522s, with 
one port reserved for output and one 
for input. In addition, I programmed 
the chip to provide interrupts 
(through its programmable timer) to 
the computer. At each interrupt, a 
software routine checks the encoder 
and updates the cart position in 
memory. Ribbon cables make the 
connection between the Apple 
parallel board and the logic control 
board. 

Logic Board. The logic board con- 
tains the control logic for the motor 
speed/direction control and for the 
encoder signal transformation. 

Motor Speed/Direction Control 
Logic. The motor speed is regulated 
by a pulse width modulated (PWM) 
duty cycle speed control device. The 
PWM speed controller produces a 
rectangular wave at a constant fre- 
quency, such that the output voltage 
snaps between full on (5V) and full 
off (OV). You can vary the percentage 
of time the voltage is high (duty 
cycle). This signal is sent to the motor 
amplifier. The motor effectively in- 
tegrates the signal so the apparent 
voltage it "sees" is proportional to 
the duty cycle. 

The advantage PWM controllers 
have over analog controllers is that 
they are easy on the power tran- 
sistors in the motor amplifier. The 
transistors are always either turned 
fully off (no current flowing through 
them) or fully on (minimum voltage 
drop across them). When transistors 
operate in the intermediate range, 
they act like variable resistors and, 
like resistors, dissipate heat. My 
power amplifier transistors always 
run cool to the touch, no matter how 
hard the motor works. An ab- 
breviated schematic of the motor 
control system is shown in figure 1. 

Two chips compose the heart of the 
PWM controller: a digital-to-analog 
converter (DAC 0806) and an analog- 
to-digital converter (TL 507). The 


OEM IMAGE PROCESSORS 
FROM IMAGING TECHNOLOGY. 

High Performance, Low Price. 



Introducing the IP-512. The first family of OEM 
image processing modules with high performance 
features available only on systems costing much, much more. 

The IP-512 is a real-time image processor that’s plug 
compatible with the INTEL MULTI-BUS and DEC Q-BUS. 

It interfaces with any standard video source, stores images 
in single or multiple 512x512 frame buffers with up to 24 bits/pixel 
and includes a pipeline ALU for real-time image averaging, summa- 
tion, subtraction and convolutions. 

The modules include programmable I/O Transformation 
Tables and provide for B&W and RGB output. 

Specialized applications include image analysis, factory inspec- 
tion, medical imaging, industrial radiography, robotic vision and tele- 
conferencing, among others. 

For details call, (617) 938-8444. Or write to: 

Imaging Technology Incorporated 

400 West Cummings Park, Suite 4350, Woburn, MA 01801 



Imaging Technology, Inc. 


* 1963 IMAGING TECHN010GY INCORPORATED 
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Figure 1. Motor control and encoder logic hardware layout showing signal flow. 


basic idea is to take 6 bits of the 
parallel port from the Apple II into 
the DAC (DAC 0806). The output of 
the DAC circuit (64 possible voltage 
levels) is fed into the ADC (TL 507). 
The output of the ADC is a duty cy- 
cle, which varies nicely between 1 
(fully on) and 1/64. The relevant part 
of the circuit from figure 1, is shown 
in more detail in figure 2. 

You may have to fiddle with the 
ADC resistor values, and with the 
feedback resistors across op-amp LM 
324 (R7-R9),to achieve the full range 
of duty cycles. The 556 is configured 
as an astable multivibrator (the 
source of the constant frequency 
pulses) . The duty cycle signal is pass- 
ed to a 4093 CMOS NAND gate, 
where it is logically combined with 
the on/off bit. The on/off bit allows 
positive on/off control without speed 
adjustment. 

The two remaining bits of the 8-bit 
parallel port (P2) are reserved for the 
on/off and the forward/reverse 
signals. The 7406 is a TTL inverting 

Figure 2. Pulse width modulator control cir- 
cuit. There are many ways to implement this 
function, and this one uses relatively little 
hardware. R10 is a pull-up resistor needed for 
the CMOS (4093) interface. Duty cycle 
(percentage of time the output voltage is high) 
can be varied from 764 to 1 . 
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driver, which will sink sufficient cur- 
rent to power the opto-isolator 
(TIL- 111). Opto-isolators do two 
things: they isolate the relatively 
delicate logic from the high power 
motor lines, and they afford a very 
easy method of amplifying the logic 
level (5V) signals to motor level 
(14.5V). 

The forward/reverse bit also is op- 
tically isolated before going to the 
double-pole double-throw relay. The 
function of the relay is simply to 
change the polarity of the voltage go- 


ing to the motor. I used it in this ap- 
plication because it is simpler and 
cheaper (reduces transistor count) 
and because it is more efficient (no 
voltage drop across a relay). 

Encoder Logic. The shaft encoder 
consists of a cup with a shaft through 
it; on the shaft is a plastic disk that is 
transparent over 180 degrees and 
blackened over the other half. When 
the shaft turns, light from two LEDs 
is alternately blocked and transmit- 
ted to two corresponding phototran- 


sistors. These two signals are squared 
off (made rectangular in shape) by 
the 4093 Schmidt-trigger NAND 
gates and are sent to the input parallel 
port (PI) on the 6522. A third line, 
from the absolute-position switch, 
also follows this route (figure 1). 
Whenever this switch is activated, 
the ROS software enters a value of 
hexadecimal 50 into cart position 
memory. 

Relays. Despite criticism from my 
hi-tech friends, I think relays are 
great for low-frequency applications 
like this. The problem with relays is 
that they are much more electrically 
noisy than transistors and should be 
kept away from dainty signals such 
as those coming from the shaft en- 
coder. Changing direction on the cart 
initially caused position errors in the 
cart position memory. A look at the 
shaft encoder signals on the 
oscilloscope confirmed that when the 
relay switched, huge glitches prop- 
agated up the encoder signal lines. I 
reduced these spikes to a fraction of a 
volt by running twisted pair wires 
from the encoder and by adding a 
nonpolarized 1/iF capacitor across the 
motor terminals on the cart, in 
parallel to a smaller one at the relay 
(photo 5). 

Software. The master flowchart for 
the robot operating system (ROS) ap- 
pears in figure 3. The software con- 
sists of a short BASIC program, 
which formats the screen and loads 
the main program body (written in 
6502 assembly language which 
begins with the INIT block). The pro- 
gram can serve as a good prototype 
for simple robot operating systems; it 
has all the essential parts and has so 
far been successful and error-free. 

INIT has a "housekeeping" func- 
tion. It defines and initializes all 
variables, sets aside memory for utili- 
ty registers and tables, and initializes 
the ports and timer on the parallel in- 
terface. It also sets up the interrupt 
vector addressing, so that when pro- 
gram interrupts occur, a jump is 
made into the ENCODER routine. 

WAITINT is a conditional endless 
loop, which is simply a place to stay 
until an interrupt occurs (listing 1). 
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Figure 3. The master flowchart for the robot operating system. 
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MTS - Z80 

Multitasking Development Tool 


PIPE CHANNEL 
» 


\ 



Hypothetical MTS System Design 

• Handles up to 64 tasks 

• Task priorities (1-255) 

• Real Time software clock 

• Interprocess Communication via Pipes 

• Up to 128 FIFO pipes 

• Debug monitor/loader 

• Process switch overhead under 250 
usee, at 4 MHz; proportionally faster 
at 6, 8 MHz 

• Requires 1 interrupt, 4k ROM, 

4k RAM 

• Z80 assembler source code 

MTS-Z80 $100.00 

on 8" CPM Disk 
Inquire for Other Formats 
Manual $10.00 

Will be applied to purchase of MTS-Z80 

CYBERPAK 


Hi H 

Box 38 

Brookfield, IL 60513 



(312) 387-0802 


What every 
well-dressed 

robot needs .. . 



All touch joint 
tees, bends, 
elbows and 
valves are 
designed for 
quick fitting. 

Kasenit’s line 
of touch joint fittings and valves are sim- 
ple, reliable and economical. 

Installed without special tools and design- 
ed for maintenance free operation, 
Kasenit’s fittings and valves are just what . 
. . every well dressed robot needs. 


Touch joint 
fittings and speed 


When an interrupt occurs, the pro- 
gram jumps to the ENCODER rou- 
tine. Before it leaves ENCODER, 
variable WVAR is set to 01. When 
RTI (return from interrupt) is ex- 
ecuted, and WTLOOP is reentered, 
the compare instruction does not 
result in a match, and the loop is 
exited. 

ENCODER measures the encoder 
status and notes if any change has 
taken place since the last measure- 
ment. If it has, the cart position 
memory location is either in- 
cremented or decremented, depend- 
ing on whether the new encoder 
value indicates forward or backward 
cart motion. Since the software 
works by reading the current state of 
the two encoder bits (as stored in the 
input port memory buffer), and not 
by reading edge-transitions from 
state to state, there is no danger in 
missing a change in cart position. 

To ensure encoder changes are not 
missed, the interrupt rate is set at 120 
Hz, and the maximum encoder change 
rate at top speed is about 43 Hz. The 
encoder bit states, therefore, are 
checked twice before both bits can 
change. 

CHOICE checks whether the T 
(TEACH), R (RUN), or ESC (ESCAPE) 
keys have been pressed, or whether 
the ASCII code for R or T has been 
stored in the status register. This deci- 
sion point is checked each time, after 
the program leaves the ENCODER 
routine (at 120 Hz). The INIT routine 


sets the status register to T, so that the 
TEACH routine is entered automati- 
cally on start-up 

TEACH and RUN have been 
previously described. Their major 
functions are to store and read from 
position/time tables. The RUN 
routine contains a servo subroutine, 
which moves the cart towards the 
next set position and stops at the loca- 
tion stored in TEACH. 

CART SERVO is a modified posi- 
tion servo. In operation, the routine 
measures the difference between ac- 
tual cart location and desired location 
(the next position set-point). In an 
ideal position servo, the power is 
reduced as a function of "closeness" 
to the desired position: 

V = K(Pa-Pd), where 
V = Voltage to the motor 
K = Empirical constant 
Pa = Actual position 
Pd = Desired position 
In such a servo, the power is re- 
duced as the cart approaches its goal. 
In my robot, the servo has been opti- 
mized, as follows: 

• If | Pa - Pd | > 20 hexadecimal (32 
decimal), then V = Vmax. 

• If |Pa-Pd| < 6, then V = 6 (Ac- 
tually % 4 of Vmax). 

The voltage setting of 6 produces 
sufficient power to nudge the cart to 
the next encoder position without 
overshooting. 

I originally intended to use a 
modified PID servo (proportional- 
integral derivative), but found that 
the optimized positional servo I used 


; WAIT FOR INTERRUPT 
WAITINT LDA #$00 

STA WAR 
l/TLOOP LDA WAR 

CMP #$00 
BEQ WTLOOP 

7 FALL INTO CHOICE ROUTINE IF WAR <>00 
7 END ViAITINT 


KASENIT COMPANY 

3 KING STREET • MAHWAH, N.J. 07430 
P.O. BOX 726 
(201) 529-3663 
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Listing 1 . The wait loop expects an interrupt routine to change the value of WTLOOP and in- 
dicate when the loop can be exited. 
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r ★★★★★★★★★★★★★★★★★ Announcing 

SENSORS 

THE JOURNAL OF MACHINE PERCEPTION 


^womputers are deaf, dumb and blind. To interact with a 
real-time process, an intelligent machine must perceive the 
world to make up for its inherent limitations. SENSORS, The 
Journal Of Machine Perception, is devoted to the black art 
(rapidly becoming engineering science) of measuring and in- 
terpreting the real world in real time in practical engineering 
terms. 

SENSORS deals with fundamental issues of how computer 
systems perceive, analyze and gain information about the real 
world. Today's intelligent machines frequently must perceive 
quantities — from mass to radiation, from charge to force, 
from pressure to acidity. Many, many techniques and details 
enter into the art of perception by computer— all subject to 
critical discussion and presentation in the pages of SENSORS. 

Theoretical issues of immense practical importance provide 
a continuing source of articles in SENSORS. How do the 
statistics of measurement interact with our understanding? 


How do fundamental physical principles interact with our 
ability to measure? What are the fundamentals of chemical 
sensors — and their greatest problems? What current 
laboratory measurement practices are about to break out into 
the world of commercially available devices? SENSORS, The 
Journal Of Machine Perception covers this broad inter- 
disciplinary field — for the first time assembling information in 
one publication that is typically spread over a range of elec- 
tronics, computer, scientific and engineering journals. 

The first issue of this exciting new monthly publication ap- 
pears in January, 1984. Complete the SENSORS magazine 
Subscription Qualification Form below and mail it to us by 
December 1, 1983. Your FREE subscription to SENSORS will 
start with the January 1984 Charter issue. SENSORS joins 
Robotics Age and Bar Code News as the newest North 
American Technology technical publication. 


TEAR ALONG THIS LINE 

Special CHARTER Subscription Qualification Form 


► I design systems which must sense and inter- 
pret information from: 

□ acceleration 

□ acidity (Ph) 

□ bar codes 

□ capacitance 

□ characters (as in OCR) 

□ charge 

□ distance 

□ fluid flow 

□ fluid levels 

□ inductance 
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□ mass 
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□ radiation 

□ sound 
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□ voice recognition 
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□ Other 
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► In what application areas are you using 
modem sensor technology? Please check all of 
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□ Industrial Robotics 

□ Personal Robotics 

□ Pattern Recognition 
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□ Organic Chemistry 

□ Genetic Engineering 
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□ Geology 

□ Remote Sensing 
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□ Manufacturing & Production 

□ Consumer Electronics 

□ Other 

► Please check the one box which best 
describes your company or organization's prin- 
cipal activity at your location: 

□ Manufacturing 

□ Scientific /Engineering Research 

□ Product Design 

□ Consulting 

□ Education 

□ Other 


► Please check the one box which best 
describes your principal job function, occupa- 
tion and/or title: 

□ Corporate Management: Owner, Partner, 
President, V.P., etc. 

□ Operating Management 

□ Engineering Management 

□ Research and Development Management 

□ Design Engineer 

□ Lab Assistant/Technician 

□ Reliability Engineering 

□ Test Engineering 
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□ Professor/Instructor At: 
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The positional resolution of the 
vehicle was about 0.2 inch. For 
greater resolutions, there would be a 
tendency to overshoot when in- 
crementing the vehicle close to the 
endpoint, using the present servo. At 
higher position resolutions, it might 
be useful to add a integral function to 
the servo, or go to a modified 
proportional-integral servo, rather 
than a proportional one. 

The effect of this servo would be to 
incrementally add power to the 
motor for each time unit that an error 
exists, thus allowing the cart to creep 
up on the endpoint if a slight under- 
shoot is built into the servo. In its 
basic form, a PI servo is extremely 
easy to implement: 

V = K( ERROR), and 
ERROR = ERROR + ( | Pa - Pd | ) 

It probably would be better not to 
let the error accumulate indefinitely. 
The length of time should be a matter 
of empirical determination. The ad- 
vantage digital control has over 
analog is that optimal control is possi- 
ble; you do not need to follow in 
traditional lockstep with the classical 
servo equations. 

Potential Uses. When I designed the 
robot cart, I had in mind a low-cost, 
integrated robotic system that would 
make use of an inexpensive robot, 
such as Microbot's Minimover. Possi- 
ble configurations are shown in 
photos 8a and 8b. The robot could 
serve as a platform moving between 
fixed-robot work stations or, with 
suitable control wiring, a robot could 
be carried from station to station. 

The latter application would pro- 
vide a particularly inexpensive solu- 
tion for low-resolution tasks such as 
picking up printed circuit boards and 
carrying them from place to place. 
Robots would not need to be placed 
at each work station, and the opera- 
tion could be run by an Apple com 
puter. □ 


Reader Feedback 

To rate this article, circle the appropriate 
number on the Reader Service card. 

56 66 76 

Excellent Good Fair 


Photos 8a and 8b. Two useful operations might be carrying the work to the robot (photo 8a) or 
carrying the robot to the work (photo 8b). Featured robot arms are the Microbot TeachMover 
(photo 8a) , and Tomy's Armatron (photo 8b). 


was adequate. It did not overshoot 
since there was sufficient mechanical 
damping, and therefore did not need 
velocity feedback as a damping term. 
Since power was adequate (at pay- 


loads greater than 5 pounds) to move 
the cart incrementally at the slowest 
speed without overshooting, I did 
not need to implement an integral 
function. 
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Memory Capacity 


128 programs 


1000 points 

1000 points 


464 steps 

2000 steps 

1000 steps 

8000 points 



5 programs 


16 positions 

1000 steps 

1024 steps/points 

1024 steps/points 

999 points 

49 steps/points 

254 steps 

1000 points 

1000 points 

1000 points 

1800 instructions 

over 200 


48k bytes 


227 points 

53 points 

unlimited 

unlimited 

unlimited 

Programing 
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A Table of 
Contemporary 
Manipulator 
Devices 

1 Graco Robotics. OM5000 

Hail Automation, Comp Arm 

Hirata, AR300 Arm Base 

Hirata. Hi CNC 

Hitachi, Assembly Robot 25 

Hitachi America. “Mr. Aros” JP/SP 

Hitachi America, Process Robot 

Hitachi America, Spray Painting Robot 6V/6H 

Hodges Robotics, H35 

IBM, 7535 

IBM, RSI 

1 Ikegai America. FX-RBT 

Industrial Automates, Industrial Automate 

Intarm, 100-S 

Intarm, 200 

International Robomation, IRI-M50 

I.S.I. Manufacturing, Modular Robotics 

C. Itoh & Co, Taiyo Toffky-2300 

C. Itoh & Co, Nachi Uniman 8600 AK 

KUKA Weld Systems & Robot Corp, IR 260/500 

KUKA Weld Systems & Weld Corp, IR 601/60 

Lloyd Tool & Mfg Corp, Joblot 10 

Lamson, Robopal 

1 Lynch Machinery, E-Z Handler 

Mack Corporation, B-A-S-E Robot. Series II 

Manca. Fibro Manca* 

Microbot, Alpha 

Microbot, MiniMover 5 

Mobot, Mobot 

1 Mobot, Mobot Columnar 

j Mobot, Mobot Vertical Bridge 
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Manufacturer. Model 

Telephone 

Typical 

Price 

Load Carrying 
Capacity (Ibf) 

Repeatability 

(In) 

Maximum Tip 
Speed, No Load 
(Ips) 

Coordinate 

System 

Maximum Movement 

Type of 
Drive 

Control: 

Continuous Path, 
Controlled Path, 
PoInt-to-PoInt (C.C’.P) 

Cartesian 

Cylindrical 

Spherical 

<Q 

ai 

c 

• 

O 

Manipulator Reach 

Manipulator Elevation 

Manipulator Rotation 
or Translation 

End Effector 
Pitch (deg) 

End Effector 
Yaw (deg) 

End Effector 
Roll (deg) 

Electric 

Hydraulic 

Pneumatic 

Non-servo 

Servo 

Graco Robotics, OM5000 

313/261-3270 

$125,000 








95" 

83" 

90° 









Hail Automation, Comp Arm 

303/371-5868 

$ 90,000 















y 0 




Hirata, AR300 Arm Base 

317/846-8859 

S 20,000 

4.5 

0.002 






21.6" 

4" 

270° 









Hirata. Hi CNC 

317/846-8859 

$ 9,000 

110 

0.002 






7.9" 


7.9" 









Hitachi, Assembly Robot 25 

201/825-8000 


4.4 

0.002 

59 











✓ 




C 

Hitachi America, “Mr Aros" JP/SP 

201/825-8000 


11 

0 04 

0. 1-0.7 

✓ 




32 '740" 

20" /44" 

60° 

±100 

-50 
tn + 50 




y 0 



C 

Hitachi America, Process Robot 

201/825-8000 


22.2 

0.008 

39 4 





38" 

46" 

300° 

+ 85 
-95 

± 185 






C 

Hitachi America, Spray Painting Robot 6V/6H 

201/825-8000 


11 

0.08 

68.9 

✓ 

y' 



123"/52" 

52"/l23" 

150°/ 

110° 

240 

250 

250 


V* 



c 

Hodges Robotics, H35 

517/323-7427 

$ 45,000 

35 

0.005 

120 





48" 

72" 

360° 

180 

180 

360 





C, P 

IBM, 7535 

800/327-0166 

$ 28,500 

13.2 

0.002 






25 6" 

3" 

200° 



360 

✓ 




p 

IBM, RSI 

800/327-0166 

$100,000 

5 

0.008 

5 

✓ 




58" 

17" 

18" 

180 

270 

270 


y 0 




Ikegai America, FX-RBT 

312/397-3970 

$ 39,000 

11/22 

0.02 












✓ 





Industrial Automates, Industrial Automate 

414/327-5656 

$ 13,500 

10 

0.015 

30 





24" 

7" 

120° 

180 






P 


Intarm, 100-S 

513/294-0834 


35 

0.015 

100 





14" 

18.37" 

320° 


300 







Intarm, 200 

513/294-0834 


50 

0.04 

250 
















International Robomation, IRI-M50 

714/438-4424 

$ 9,800 

50 

0.04 






00" 

80" 

540° 

240 

— 

720 





p 

I.S.I. Manufacturing, Modular Robotics 

313/294-9500 

$ 75,000 

150 

0.005 

90 
















C Itoh & Co, Taiyo Toffky-2300 

313/352-6570 

$ 67,000 

22 

0.008 


✓ 




33.9" 

7.9" 

29.5" 









C.ltoh & Co, Nachi Uniman 8600 AK 

313/352-6570 

$110,000 

75 

0.04 





✓ 

75.5" 

84.4" 

270° 




y* 





KUKA WeW Systems & Robot Corp, IR 260/500 

313/478-7850 

$130,000 


0.04 






19.7' 


8.2' 




y> 





KUKA Weld Systems & Weld Corp, IR 601/60 

313/478-7850 

$100,000 

220 

0.04 








360° 




y 0 





Lloyd Tool & Mfg Corp, Joblot 10 

313/742-1820 

$ 90,000 

155 

0.010 



✓ 



110" 

69.2" 

300° 




S 





Lamson, Robopal 

315/432-5467 

$ 40,000 

100 

0.125 












✓ 





Lynch Machinery, E-Z Handler 

317/643-6671 

$ 70,000 

300 to 
1000 

variable 

20 












y 0 




Mack Corporation, B-A-S-E Robot, Series II 

602/526-1120 

$13,000/ 

$18,000 

5 

0.010 

10 





6" 

8" 

10" 

180, 

90 

180, 

90 

180, 

90 




P 


Manca, Fibro Manca* 

201/767-7227 

$15,000/ 

$200,000 


0.003 


✓ 





49" 

360° 





s 


✓ 


Microbot, Alpha 

415/968-8911 

$ 7,500 

1.5 

0.020 

20 





18" 

26" 

330° 

± 90 


±180 




P 


Microbot, MiniMover 5 

415/968-8911 

$ 1 ,700 

1 

0.03 

6 





17.5" 

25.6" 

180° 

± 90 


±180 

✓ 



P 


Mobot, Mobot 

619/275-4300 

$ 45,000/ 
$60,000 

600/1000 

0.03 

36 





N/A 

15' 

15'x100" 

360 

360 

360 

y 0 


- 

P 


Mobot, Mobot Columnar 

619/275-4300 

$ 45,000 

1000 

0.03 

18 





3' 

20' 

0 

0 

270 

0 

y 0 



P 

p 

Mobot, Mobot Vertical Bridge 

619/275-4300 

$ 60,000 

1000 

0.03 

18 





3' 

20' 

100' 

0 

270 

0 

y 0 



P 

p 


* modular 


These tables are reproduced from the Stock Drive Products Data Book, Volume 2 available This material is authored by Bernard Roth, a professor in the Design Division of the 

at $7.95 from: Educational Products, P.O.Box 606, Mineola, New York 11501. Mechanical Engineering Department at Stanford University in Stanford, California. 


PATENT PROBE 

A PORTABLE 
ROBOT TASK ANALYZER 


Russ Adams 
3008 Mosby Street 
Alexandria, Virginia 22305 


Purchasing an industrial robot isn't 
like hiring an extra employee. Robots 
are large, heavy, expensive things, 
and you can't just fire them if they 
fail to do their jobs. You need to know 
in advance if a robot can perform the 
job effectively. 

Each robot is unique, with unique 
mechanical response characteristics 
that limit the type of work it can per- 
form. As a result, a particular robot 
may be incapable of performing a 
specific job. 

The job may require a robot manip- 
ulator to move with a velocity greater 
than its link actuators are capable of 
achieving. The job may require lift- 
ing an article with a weight that will 
overload the link actuators. Even if 
the manipulator can physically per- 
form the job, the robot still may be in- 
capable of the necessary motions due 
to controller limitations. The con- 
troller may be unable to store the en- 
tire required sequence of motions or 
perform them with sufficient speed. 

These problems encountered when 
adapting a robot to a specific job 
make it desirable to test the robot 
before installation. If a robot is to be 
used for spray painting on an assem- 
bly line, for example, you need to be 
sure it can perform the job before you 
purchase and install it. Without such 
pretesting, you run the risk of pur- 
chasing and installing a robot in- 
capable of doing the job because of 


physical limitations in its actuators, 
controllers, or power supply. 

One solution to the pretesting prob- 
lem is taking the article to be spray 
painted to the robot manufacturer. 
You can test the robot to determine if 
any physical limitations will prevent 
proper painting. 

What if the article to be spray 
painted is too large to be transported 
to the robot manufacturer? The test is 
not possible. Even if the article is 
small enough to be transported, you 


may be unable to duplicate the manu- 
facturing environment. The article, 
for example, may normally move 
along an unusual path on an auto- 
mated assembly line. 

So why not bring Mohammed to 
the mountain? That's the solution 
posed in patent number 4,360,886, 
issued to Evans Kostas, Gerald Crum, 
and Jerome Walker on Novembr 23, 
1982. The patent is owned by the 
Nordson Corporation. This patent 
describes a method and apparatus for 



The illustrations in Patent Probe are reproductions of 

diagrams in the original patent documents. Figure 1 . A typical industrial robot has massive linkages. 
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Figure 2. The proposed lightweight, hand manipulate robot simulator is constructed with the 
same dimensions as the industrial robot, but with much lighter linkages. 


analyzing the feasibility of perform- 
ing a sequence of motions with a 
robot. 

The invention proposes providing a 
portable, relatively lightweight, 
manually manipulated robot simula- 


tor at the manufacturing site. The 
simulator consists of plural linkages 
with degrees of freedom that 
simulate those of the robot under 
consideration. 

Each arm linkage contains a posi- 


tion sensor. A wide band signal 
recorder records the signals from 
each sensor as the linkages are 
manually manipulated. Other sen- 
sors generate signals which simulate 
other operations, such as activating a 
spray gun or closing a gripper. 

The robot being considered can be 
driven by the recorded sensor infor- 
mation. As the sensor signals drive 
the robot through the motions re- 
quired to perform the job, the sensors 
on the robot generate actual linkage 
position signals. These signals are 
also recorded by a wide band 
recorder. 

After the test job is completed, the 
records for both the actual and 
simulated job performance are 
analyzed. The automated analysis 
produces error signals, which cor- 
relate to how well the robot per- 
formed the job. A technician displays 
the error signals for further analysis, 
to determine if the robot can suc- 
cessfully perform the job. 

If the display shows no significant 
position or velocity errors, the robot 
is clearly able to perform the job. If 
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Figure 3. This block diagram describes how data from the wide band recorder is used to determine the feasibility of using the robot to perform 
a job. 
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errors occur at points in the sequence 
of operations that would not affect 
the successful completion of the job, 
the errors can be ignored. The judg- 
ment of what "successful comple- 
tion" means is up to the technician 
analyzing the display. 

Experience may demonstrate, for 
example, that a position error of V 2 
inch can be tolerated when the robot 
applies rust inhibitor to an automo- 
bile. The same position error is unac- 
ceptable if the robot is applying 
decorative pinstripes. Similarly, 
velocity errors that result in varia- 
tions in paint thickness may be ac- 
ceptable when the robot paints trac- 
tor engines, but would not be accept- 
able if it was applying reflective 
coatings to mirrors. 

The patent describes a typical in- 
dustrial robot as having a base that 
rests on the factory floor. Extending 
from this base are plural, series con- 
nected, articulated linkages. These 
plural linkages generally provide the 
robot with six degrees of movement 
and usually are massive. Each link- 


age can be 1 to 4 feet long and weigh 
up to 400 pounds. 

Industrial robots are operated by 
programmed controllers. The con- 
troller program contains a series of 
linkage positions required to perform 
a given job. The controller retrieves 
these stored linkage positions in se- 
quence and compares the actual posi- 
tion of the robot's linkages to their 
desired positions. 

Based on this comparison, error 
signals are generated. These error 
signals are then used to operate ac- 
tuators, which move the linkages un- 
til the error signals for each linkage 
position are zero. "Zeroing out" the 
error implies that the desired position 
is attained. 

The proposed robot simulator is 
supported by a tripod base. Extend- 
ing from the base is a vertical linkage, 
which is rotatably connected to the 
base. A position sensor in the base 
provides a signal that indicates the 
angular position of the linkage with 
respect to the stationary base. 

A second linkage is pivotally con- 


nected to the upper end of the ver- 
tical linkage. A second sensor pro- 
vided at the joint produces a signal 
proportional to the relative angular 
position between the two linkages. 
Three other linkages are each serially 
connected with sensors positioned at 
each joint. A manipulator or tool is 
mounted to the end of the last 
linkage. 

The lengths of each linkage in the 
robot simulator are identical to those 
in the prospective industrial robot. 
Each simulator linkage, however, 
weighs a fraction of the weight of its 
respective real linkage counterparts. 

The simulator is moved manually 
through the steps necessary to per- 
form the job. As this movement pro- 
ceeds, the various sensor signals are 
recorded. If a robot containing M 
linkages executes N position com- 
mands per linkage per second, then 
the recorder must record at least 
N(M+ 1) commands per second. 

After the simulation is completed, 
the recorded sensor information is 
transported to the robot manufac- 
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Figure 4. These flow diagrams show the steps in the five phases of the analysis method. 
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Figure 5. A typical graph produced by the analysis shows the error between simulated and actual 
operation. 


ture. The information is played back 
through an analog to digital convert- 
er, which converts the analog sensor 
signals into digital equivalents. 

The digital signals are processed by 
a microcomputer that "groups" 
signals from the plural sensors with 
respect to time. These grouped 
signals are stored on disk for retrieval 
during job playback and analysis. 

The stored sensor values are 
retrieved from disk and transmitted 
to the robot controller via a com- 


munications interface. The values 
cause the controller to operate the 
robot— moving linkages or operating 
the arm's effector. As the robot 
duplicates the job motions, the out- 
put of the robot's sensors is transmit- 
ted back through the communica- 
tions interface to the microcomputer. 
These signals are also processed by 
the microcomputer and stored on 
disk for retrieval during the analysis 
phase. 

Once the job operation is com- 


pleted, analysis can begin. The 
groups of stored sensor values are 
retrieved and used to produce 
graphs. These graphs show how 
closely the desired operation was 
mirrored during playback. Based on 
these graphs, a decision can be made 
regarding the feasibility of using a 
given robot to perform the job. 

This patent is an improvement of 
patent number 4,305,028, titled "Sys- 
tem for Evaluating the Capability of a 
Work-Performing Robot to Re- 
produce a Programmed Series of 
Motions." 

Copies of both patents are available 
from the U.S. Patent and Trademark 
Office for $1.00 each. Send orders for 
patents with payment to: Commis- 
sioner of Patents and Trademarks, 
Washington, DC 2023 1 . □ 
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PERSONAL COMPUTERS + INTERFACE BOARDS 
= LOW COST MACHINE & ROBOT CONTROLS 



#A-ST Stepping motor control board. Provides eight step 
sequence for four motors. 400 steps per revolution 

with Superior Electric M series type motors. Low power 
consumption - 35 milliamps average. Open collector outputs 
sink 40 milliamps per line. PRICE $119.95 


digital 

three 


design 

stepping 


#A-PWM Pulse width modulator. Six independent eight 

bit channels plus complements. Ideal for controlling 

servo motors, servo valves, proportional solenoids, etc. 
Low power consumption - 35 milliamps average. Open 
collector outputs sink 40 milliamps per line. Totally 

minimizes drifts. Can provide microstepping function for up to 
motors. PRICE $149.95 



#A-OER Optical encoder reader. 2 independent 16 bit channels 
to read 2 incremental encoders without additional hardware. 
Accepts TTL level sine or square wave quadrature inputs. Can 
be modified to a single 32 bit counter. Low power consumption 
- 30 milliamps average. PRICE $ 139.95 


The above boards plug into Apple Computer, Inc.'s APPLE E expansion slots 

Seven slot adapter for Commodore 64 & VIC 20, Radio Shack’s Color Compuer, Rockwells 
AIM 65 (specify which machine) PRICE $ 109.95 


PRICES AND SPECIFICATIONS SUBJECT TO CHANGE. ALLOW 3 WEEKS FOR DELIVERY 


Micromation Engineering P.O. Box 9 375, Fort Wayne, Indiana 46899 


CIRCLE 19 
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THE PENPAD 

HANDWRITTEN INPUT FOR COMPUTERS 


Kenniston W. Lord, Jr 
45 School Street 

Winchendon, Massachusetts 01475 


During the past two decades, the 
simple entry of data has remained a 
complicated problem. Some people 
who might logically have used the 
computer have resisted because sim- 
ple devices for entering data were not 
available. The problem is magnified 
with the advent of personal comput- 
ers and their use in business and in- 
dustry. The inability to type has been 
identified as one major reason people 
resist using a microcomputer. Micro- 
computers, however, are becoming a 
way of life and a key to increased pro- 
ductivity. Many businesses depend 
upon them to remain competitive. It 
is necessary for people who cannot 
type and for executives (according to 
a recent Time magazine article) to 
overcome their fear of typing. 

Penpad, by Pencept, Inc., of 
Waltham, Massachusetts, is a graph- 
ics tablet, algorithmic interface, pen/ 
stylus package which permits you to 
enter handwritten data and com- 
mand directives to a computer (not 
only microcomputers, but also larger 
systems). The Penpad interprets 
handwriting via a process called 
"dynamic character recognition" 
(DCR). All that is needed to com- 
municate with the computer is paper, 
pen, and Pencept's digitizing tablet. 

All you need to know to use the 
device for data entry is how to block 


About the Author 

The author is a consultant and writer in 
the data processing industry. He is the 
author of several books about microcom- 
puters and has published numerous ar- 
ticles in the information processing trade 
press. 


print the English alphabet and Arabic 
numerals. The algorithms built into 
the unit can even understand sloppy 
printing. Figure 1 shows sample char- 
acters that the Penpad can interpret. 
The Penpad system recognizes a fair- 
ly wide variation in print style. 

Writing Tablet. A square graphics 
tablet, 15V2 inches to a side, provides 
the surface for mounting a paper 
form. The tablet is divided into two 
sections: a data entry area and a com- 
mand area (where hardware or soft- 
ware specific commands may be 
placed). Figure 2 illustrates the tablet 
layout. Standard paper size is 8 Vi x 11 
inches. The paper is printed with a 
grid, which coincides with the grid 


mounted in the graphics tablet. 
Either locally produced forms or 
forms prepared by Pencept may be 
used. Figure 3 shows a typical 
Pencept-supplied form. A calibration 
procedure aligns the form and tablet. 
While this tablet size is common, 
graphics tablets of different sizes are 
available. 

To use Penpad, place a form on the 
tablet surface and follow the align- 
ment procedure. From this point the 
unit takes over, and you simply write 
on the form. The interface unit trans- 
mits the characters to the main com- 
puter. Tablet form grids are defined 
and software commands identified to 
the computer. All data captured is 
ASCII data, which any program 



Photo 1 . The Pencept Penpad uses handwriting as the primary method of data entry. Penpad 
consists of a writing tablet and an electronically controlled bail-point pen. It recognizes all let- 
ters of the alphabet, numbers, and 15 other characters in a wide variety of styles. 
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established to read an ASCII file or 
communication can process. 

The writing is performed by a 
stylus, which contains a standard 
bail-point pen cartridge and is at- 
tached to the controller. Direction 
sensing is built into the stylus. The in- 
terface accepts block characters A 
through Z and 0 through 9, and 15 
other characters. When the character 
is written, you can verify it simply by 
looking at the computer's display 
screen. Uninterpretable characters 
appear as question marks in the ap- 
propriate positions. Correction is as 
simple as rewriting the character. To 
improve the input process you can 
make data editing a function of the 
controller's entry interpretation. The 
grid boxes can be defined to accept 
data, reject data, move a loaded 
string, or accept only certain valid 
characters. 
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Figure 1. Examples of the large variations in handwriting styles the Pencept Penpad can accept. 
Figures courtesy of Pencept, Inc. 


Controller. The controller is quite 
small, 3 inches by 14 inches by 11 
inches. It is typically placed beneath 
the system's monitor. Any host com- 
puter with a standard asynchronous 
RS-232C interface can use the Pen- 
pad. The Penpad controller interface 
contains its own memory; no addi- 
tional memory is needed by the host 
computer, except the memory need- 
ed to operate the software that uses 
Penpad data. 


Penpad has three input modes: 

• Character coordinate mode. As 
each character is hand printed, it is 
transmitted to the computer with 
its tablet row and column position. 
This mode allows the software to 
take maximum advantage of the in- 
put that has been written on the 
graphics tablet, as the specific loca- 
tion of the data upon the form can 
be determined. It also logically 
aligns boxes on the paper forms to 
memory boxes located in arrays, or 
positions of memory. The actual 
writing process, dynamic character 
recognition (DCR), is discussed 
below. 

• Keyboard compatible mode. As 
each character is entered, it is 
transmitted to the computer as the 



Figure 2. A typical tablet layout. The tablet area is divided into a data entry area and a com- 
mand area. The special character is transmitted when a checkmark is placed in a command 
area. 
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10 . 20 ' 



Figure 3. A typical form supplied by Pencept. You can also create your own custom forms. 


next character, devoid of position 
information. If, after evaluation by 
DCR, an error is detected and a 
character cannot be recognized, 
you must rewrite it. The controller 
provides the appropriate back 
spacing and correction. 

• Graphics input mode. Penpad 
contains a standard graphics tablet 
capability, which lets Penpad func- 
tion as a digitizer. This facility per- 
mits the mixture of graphics and 
lettered input, allowing applica- 
tions that combine both text and 
graphics. 

Dynamic Character Recognition. 

DCR is the state of the art in com- 
puterized pattern recognition. Before 
it was developed, computers could 
recognize a pattern that had been 
placed within the confines of known 
boundaries. DCR electronically 
simulates the hand movements used 
to form characters and is not con- 
strained by the specific size of the 
character. Pattern recognition would 
require the letter B, for example, to 
be positioned at one specific set of 
location coordinates on the graphics 
tablet. That is also required for 
character entry on preprinted forms 
in the character coordinate mode. It's 
somewhat different in the keyboard 
compatible mode, however, as a 
6-inch letter B will be interpreted cor- 
rectly and will appear in the next 
available position on the entry line. 

The dynamic nature of DCR is the 
key to its operation. With DCR, let- 
ters are recognized as they are print- 
ed. DCR accepts the writing skills (or 
more specifically the printing skills) 
of the person doing the writing at his 
or her level of development. 

The algorithms built into Penpad 
are extensive, incorporating not only 
the characteristics of those who can 
print nearly perfect letters, but also 
the characteristics of those who tend 
to be somewhat sloppy. To provide 
this level of sophistication, some con- 
siderable capability has had to be 
built into the system to allow for in- 
dividual, cultural, and academic fac- 
tors. The human tendency, for exam- 
ple, to form similar characters when 
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writing 2 and Z is part of the human 
factors engineering of this system. 
Similarities between the 0 (occa- 
sionally slashed) and the letter O, the 
European (and some programmers') 
tendency to place a cross bar on the 
letter Z and the number 7 have been 
included. 

How DCR Works. The process of 
printing is imprecise. When printing, 
a person moves a pen in diverse di- 
rections at varying speeds. The pen 
point is moved back and forth, up 
and down, and is lifted from or 
dropped to the paper. Each of these 
actions forms the basis of a pen 
stroke. Combine a pen, a high- 


resolution graphics tablet, and the 
computer's sampling capability, and 
you can capture the movements of 
hand and pen. Extensive pen move- 
ment discernment at high speed 
makes handwriting to computer in- 
put not only possible, but highly 
reliable. 

Penpad takes a raw impression, 
refines it, performs pattern com- 
parisons, and selects the closest 
match. Handwriting the character 
first produces a very rough image. To 
clean up the rough image, a pre- 
processor straightens lines, removes 
extraneous marks and shapes the let- 
ter to conform to one or more of the 
images incorporated into the con- 
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trailer's algorithms. 

In the character coordinate mode, 
and in some instances in the key- 
board compatible mode, the charac- 
ter is written in a precise place on the 
paper. Because the location is a 
definable size, and since the bulk of 
the character is formed at that loca- 
tion, shaping the character is easily 
performed. 

A second space limitation also ex- 
ists. The hand strokes used to form 
the letter F are precisely the same as 
those used for forming the letter I and 
an equal sign. It becomes the letter F 
because of the close proximity of the 
lines. If, however, there is a spacial 
separation between the two, there 
will be a problem in the keyboard 
compatible mode, as what was sup- 
posed to be a single character shows 
up as two characters. That problem 
also extends to the letter B, which 
could be interpreted as the number 
13 and would be printed in two adja- 
cent boxes in the character coor- 
dinate mode. 


DCR has two sets of rules: genera- 
tive and perceptual. Generative rules 
detail the character-forming move- 
ments. Movement is sensed by the 
pen point, detected by the stylus, and 
transmitted to the controller. All the 
logically possible ways to form a 
handwritten letter have been defined 
to the unit. Those methods are then 
compared to the handwritten letter. 

The rules will be defeated periodi- 
cally, for only a finite set of letter for- 
mations has been included. The 
perceptual rules define how the 
entered shapes are compared to 
previous shapes within the system. 
These methods provide nearly in- 
stantaneous recognition, according to 
Pencept. Pencept advises that if the 
writer prints letters that are so sloppy 
that another person would have dif- 
ficulty recognizing them, the com- 
puter cannot be expected to do much 
better. 

While hand print recognition tech- 
nology is relatively new, it has over- 
come a major obstacle that confronts 


potential computer users. It is no 
longer necessary to type or to become 
intimately familiar with the com- 
puter keyboard. And, best of all, 
training is not an extra expense. The 
fundamental training necessary to ef- 
fectively use the Penpad was com- 
pleted when the user learned to print. 
Training to use the Penpad is mini- 
mal: turn on the computer, load a 
disk, load a form, pick up the pen, 
and print. 

Hand print recognition technology 
bridges the gap between keyboard 
and potential voice-actuated entry 
of data to the computer. It is a cur- 
rent technology. Only concern for 
the cost of the unit and a lack of 
imagination can delay its use. Once 
Penpad shows its stuff, these con- 
cerns will evaporate. □ 

Reader Feedback 

To rate this article, circle the appropriate 
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Try the Tasman Turtle, 
an inexpensive and easy- 
to-control mobile robot, 
which allows you to ex- 
plore all the concepts of 
robotics. Tasman moves, 
turns, draws, beeps, blinks 
and “feels” with its touch 
sensors -- it can even talk 
with the addition of an 
optional speech board. 

From the novice pro- 
grammer to the artificial 
intelligence expert, 

Tasman Turtles provide a 
fun way to try out even the 
most sophisticated robotics 
concepts. 


Get A Head 
Start In 
Robotics 



" limited only by your imagination ” 


Easy to control in Basic, 
Logo or any other high- 
level programming lan- 
guage, Tasman Turtles 
come complete with soft- 
ware and documentation, 
power supply and interface. 

Tasman Turtles are 
available in both Apple® 
and RS-232 port versions 
for immediate delivery. To 
order your Tasman or for 
more information, contact 
Harvard Associates, Inc., 
260 Beacon Street, 
Somerville, Mass. 02143 
or call (617)492-0660. 


Ask about the new $299.95 Turtle Tot 
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THE GET AWAY SPECIAL 

PART II: 

FLIGHT PREPARATIONS 


Steve Butow, Stan Kent, 
Janet Major, Anthony Matthews 
Delta Vee, Inc. 

456 El Paseo de Saratoga 
San Jose, California 95130 


Once your Get Away Special (GAS) 
experiment and associated hardware 
are ready to be assembled, NASA will 
provide you with the experiment 
mounting plate (EMP). This base is a 
5 /s inch thick aluminum disk that has 
a 22.687 inch diameter (for detailed 
specifications see figure 1). The 
weight of the standard GAS con- 
tainer, experiment mounting plate, 
the EMP mounting screws, and all 
hardware regularly supplied by 
NASA is not charged to the experi- 
menter's weight allowance. The EMP 
is the only part of the actual GAS con- 
tainer that NASA supplies to the ex- 
perimenter prior to the launch prep- 
aration. This is because it is the only 
solid surface mount for the equip- 
ment; no other inset connections can 
be incorporated into the GAS 
container. 

The bottom and sides of the GAS 
container are constructed of alumi- 
num and are thermally insulated. 
The top of the container may be in- 
sulated, or not, depending on the 
specific experiment. An experiment 
with an opening lid or a window may 
not require insulation on the top; 
however, this could produce thermal 
problems. 

The EMP is always attached so that 
it faces out from the payload bay of 
the orbiter. Modifications to the EMP 
for such openings may be offered at 
additional costs and must be ar- 
ranged through NASA. All connec- 
tions to the Shuttle Orbiter, such as 
command links and venting, are 


made through the NASA interface 
equipment plate. The bottom 3 inch- 
es of the GAS container are reserved 
for this interface equipment plate 
and related hardware. The space that 
this interface fills is not part of the 
total cubic feet that an experimenter 
purchases. 

NASA has been able to utilize 
payload space constraints and place 
an experiment on the Shuttle with 
greater efficiency by standardizing 
the GAS container sizes as well as the 
EMP. The plate can also serve as a 


thermal absorption or radiation sur- 
face and is compatible with both GAS 
container sizes. The interior surface 
of the EMP has an equidistant hole 
pattern that accepts from 10 to 32 
UNF machine screws to a depth of 
0.31 inch. Forty-five stainless steel, 
internally threaded inserts are 
available as mounting supports for 
the interior of the GAS experiment. 

The proper disbursement of weight 
is one of the most critical factors in 
the design of a GAS experiment. The 
Shuttle loading, launch, and landing 



Photo 1 . The GAS experiment is loaded into the Shuttle's cargo bay and remains perpendicular 
to the Shuttle throughout the mission. 
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GET AWAY SPECIAL 
SMALL SELF-CONTAINED PAYLOADS 

STANDARD EXPERIMENT MOUNTING PLATE 



Figure 1. A detailed look at the dimensions of the experiment mounting plate (EMP). 


all produce severe stress on the ex- 
perimental structure within the GAS 
container. One of the ways to elimi- 
nate the problems of stress is to place 
the heaviest pieces of hardware di- 
rectly on the EMP. To support the op- 
posing end of the GAS experiment 
structure, it is necessary to insert 
suitably resilient, non-outgassing 
material capable of withstanding 
temperature extremes. NASA has 
termed these lateral supports. These 
minor and inexpensive attachments 
ensure an easier flight to and from 
low Earth orbit by bracing, not inset- 
ting, against the wall of the GAS 
container. 

Since the GAS must operate in- 
dependently of the Shuttle Orbiter, 
the designer must provide electrical 
power, heating, data handling and so 
on within the GAS container. The 
user is not able to draw upon any 


Shuttle services beyond a hand-held 
command decoder unit, operated by 
an astronaut, and a pressure regula- 
tor system. In order to carry a variety 
of experiments, the GAS container 
has been designed to provide for in- 
ternal pressure which can be varied 
from near vacuum to 1 atmosphere. 
Some of the various configurations of 
this pressure vessel include evacua- 
tion (or depressurization) prior to 
launch; evacuation during launch 
and repressurization during reentry; 
the maintaining of 1 atmosphere 
pressure at all times; or evacuation 
and repressurization during orbit as 
provided by the experimenter. 

Each GAS payload is lowered into 
its container at Kennedy Space 
Center, and subsequently is attached 
to the NASA interface plate (photo 1). 
All lateral supports are checked and 
reset if necessary. The last stage in 


this preparatory mode is sealing the 
container. The EMP, facing out from 
the payload bay, is battened down 
and checked for leakage. Then, a 1 
inch insulation material is placed on 
the container, as required by NASA, 
unless it obstructs a possible window 
or lid. 

Once the Shuttle has been prepared 
for launch, the Orbiter is towed to the 
vehicle assembly building (VAB) 
where it will eventually be hoisted 
onto the already vertical external 
tank and solid rocket boosters (SRBs). 
The GAS experiment remains per- 
pendicular to the Shuttle's major axis 
throughout the mission. Great care 
should be taken in experiment design 
to ensure that systems that are sen- 
sitive to ground orientations, such as 
wet cell batteries, are properly ori- 
ented. Requests for special orienta- 
tion requirements and handling of 
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LINEAR VS. EXPONENTIATING SYSTEM IN 
PRODUCTION 



Figure 2. This graph shows the production differences between exponential and linear produc- 
tion systems. The exponential systems produce much more material in less time than the tradi- 
tional linear systems. 
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With hardly any noise 
and no asbestos — 

Silent Stop™ fail-safe brakes 
are perfect for office machines. 

Disc drives, film drives, copiers, presses, printers 
— any office machine that might have to come to a 
fast, silent stop if the current fails — need our SBF 
series fail-safe brakes. Noise is 49 dBA max. under 
normal office/lab environments. No slip rings or 
brushes. Four models available, torque 1, 3, 7, 50 
in. lb. Call or write VERNITECH.300 Marcus Blvd. 
Deer Park, NY 11729. 516/586-5100. 

TWX 510-277-6079. 
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GAS payloads should be placed with 
NASA prior to the actual installation. 

Talking Payloads? Once your ex- 
periment is activated, the robotic 
GAS operates within the quiet con- 
fines of its container. In the future, 
however, it will be possible to build 
payloads that sing, give instructions, 
and perhaps even converse with the 
astronauts. If voice synthesis circuits 
are connected inside the control 
panel of the Shuttle, astronauts will 
have a much more efficient system 
for monitoring and controlling the 
Shuttle. Instead of depending totally 
on visual screens and monitors, the 
astronauts will notice problems 
quicker and fly the Shuttle with less 
chance of error, using these monitors' 
words and directions. If voice syn- 
thesis circuits are connected inside 
the crew quarters of the Shuttle, the 
astronauts might be awakened by the 


words, "Wake up. It's time to turn off 
GAS experiment number 2." In fact, 
the development of synthesized 
sound will present many new options 
for the roboticist as well as for the 
potential GAS user. 

Several companies are already 
marketing voice synthesizers. Since a 
message can be quickly understood 
when spoken, rather than just im- 
plied by alarms and buzzers, voice 
synthesizing machines will be used in 
the future as components for many 
robotic and mechanical systems. 

The Future of Robotics in Space. 

Voice synthesis is just the beginning 
of a more symbiotic relationship be- 
tween people and machines in space. 

Inevitably, we will see more ap- 
plications of robotics technology as 
an extension of human capabilities, 
rather than a replacement for unique 
human qualities. Voice synthesis 
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technology, for example, will elimi- 
nate the need for an astronaut to 
monitor an overwhelming array of 
dials and indicators during an ex- 
ceedingly complicated sequence of 
operations. The astronaut will be told 
which dials are reaching critical 
points and which operations require 
attention. 

Further applications of robotics 
technology, although somewhat 
beyond the average GAS payload, 
will build upon this early robotics ex- 
perience. Many space manufacturing 
schemes require placing automated 
machinery and equipment in orbit, 
on the Moon, or on an asteroid. This 
equipment will extract the basic raw 
materials from which further com- 
modities can be made. This approach 
to manufacturing can be described as 
a linear system. 

On the other hand, an exponential 
system consists of a system which 
self-replicates, eliminating the need 
for the placement of massive process- 
ing facilities in space. Robotics 
technology will make it practical for 


machines to be placed on the Moon 
or on an asteroid, both of which use 
available natural resources to repro- 
duce. A rapidly increasing number of 
identical self-replicating machines 
could comprise factories that would 
then produce the finished product. 

The conceptual framework for 
such automata that mimic biological 
systems was established by Von 
Neumann. NASA, at the recommen- 
dation of a special study group of its 
Advisory Council, has investigated 
the subject thoroughly as part of a 
summer study at NASA Ames Re- 
search Center in Mountain View, 
California. 

The difference in output between 
linear and exponentiating systems 
could be very dramatic. If a linear- 
based manufacturing operation pro- 
duces X tons of output per year, then 
in 20 years, 20X tons of total output 
are produced. In the case of an ex- 
ponentiating system with machines 
capable of reproducing themselves at 
only 1 percent of the product rate of 
the linear machine, a 1 year per 


generation time would create 2 20 
machines in 20 years— over a million 
machines, which by then would have 
produced at the reduced 1 percent 
production rate over 10,000X tons of 
output. 

Such dramatic order of magnitude 
differences make feasible the poten- 
tial financing of large-scale space pro- 
cessing schemes with relatively small 
amounts of capital invested in 
robotics technology, rather than in 
massive linear-based space habita- 
tion schemes. Since most of any 
space venture's cost comes from 
transportation, minimizing the 
amount of initial mass to be carried 
from the gravity well of Earth 
minimizes the total investment for a 
particular space scheme. Exponen- 
tiating systems reduce initial mass re- 
quirements far beyond the potential 
initial investment required to 
develop such exponentiating systems 
(see figure 3). 

Of course, the ideal self-replicating 
automata are some way in the future. 
Large sums of research and develop- 
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Figure 3. Exponential systems use some of their time and energy to build more production machines. Besides being able to produce more 
material, the production rates of exponential systems are not severely hampered when one or two machines are damaged. The linear system loses 
an irreplaceable amount of production; the exponential system can recover from the loss. 


ment money are necessary to develop 
the concept, but the principle of ex- 
ponentiating automata can be applied 
in hybrid fashion with human inter- 
action. A similar effect to a complete 
automated system may be achieved 
by having the bulk of materials 
manufactured by the machine, with a 
human operator adding control and 
several key trace components such as 
integrated circuits or specialized 
chips. 

Such systems for space use would 
come as the end product of a long 
process of developing automata tech- 
nology, robotics, and machine in- 
telligence, which has started with the 
robot-based Get Away Special. And 


as a spin-off, the tools and techniques 
developed for this space application 
will have tremendous value here on 
Earth. 

Don't forget, the whole process 
begins here on Earth with an idea, a 
concept to be tested in space. Getting 
from concept to reality is no mean 
feat, especially since there are no 
self-replicating idea machines avail- 
able at the present time to help the 
potential GAS user. Help is available, 
however, in practically all aspects of 
a GAS payload project. 

GAS R&D Services. The Get Away 
Specials, although economical and 
relatively easy to place on the Shut- 


tle, pose various structural problems 
for those unacquainted with aero- 
nautics and astronautics technolo- 
gies. Testing, inspection, and con- 
sulting services are valuable for a 
nontechnical builder, because they 
reduce retrofitting expenses and help 
design a GAS container without 
wasted time and frustration. NASA is 
able to help in the design of educa- 
tional projects, but is prohibited from 
consulting on corporate or individual 
ventures that have possible commer- 
cial applications. Noneducational ex- 
perimenters must turn to engineering 
service organizations for their con- 
sulting needs. 

There are many such service orga- 
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nizations, but most will do business 
only with large establishments with 
large budgets. The evolution of the 
Get Away Special has produced some 
service corporations which are eager 
to work with GAS experimenters be- 
cause they have had previous experi- 
ence with space payloads or have suc- 
cessfully launched GAS containers. 

Delta Vee, Inc., a nonprofit space 
research corporation based in Cali- 
fornia, offers a GAS consulting 
package. With its past experience in 
financing various government space 
projects, Delta Vee has experience 
interfacing between the public and 
NASA in a direct funding and techni- 
cal mode. Delta Vee was organized in 
1980 and currently subsidizes space 
projects such as the Viking Lander on 
Mars, the International Halley 
Watch, and the Search for Extrater- 
restrial Intelligence. Delta Vee also 
consults on many small space con- 
tracts, including GAS experiments. 
Mostly made up of aeronautical and 
astronautical engineers, Delta Vee 
consults to a wide variety of 
customers with special needs. 

Once you have an idea for a GAS 
experiment, your first step is to con- 
tact NASA or an aerospace corpora- 
tion about a space in the payload bay 
of the Shuttle Orbiter. Currently, to 
reserve such a place requires a nonre- 
fundable deposit of $500. Although 
there are as many as 480 reserva- 
tions, very few projects are actually 
ready to fly. 

Once a reservation is made, the 
most efficient way to review a pro- 
cedure is to consult with outside 
engineering help. One of the areas in 
which consulting proves to be par- 
ticularly important is in hardware de- 
sign. The space environment poses 
problems for many of the common 
machines and materials used in ter- 
restrial living. When in doubt, get 
some professional consulting. 

A Get Away Special is not only a 
unique opportunity to experiment in 
space, but it can be a substantial in- 
vestment. Space is a very harsh and 
different environment, so harsh that 
terrestrial thinking cannot always be 
applied to structural design and the 
choice of specific equipment. Con- 


sultants often can troubleshoot un- 
conventional problems that may de- 
velop. Consultants know contacts 
and referrals who specialize in very 
specific areas. There are many engi- 
neering consultants who have worked 
on other Get Away Specials and can 
help designers from the beginning 
blueprints to the final testing. 

Testing a Get Away Special is 
crucial. Delta Vee and other aero- 
space companies can obtain the type 
of equipment necessary to test a GAS 
experiment to the extremes. 

There are other GAS considera- 
tions besides engineering. The GAS 
experiment has the potential of mak- 
ing a large-scale discovery. There are 
ways of protecting an idea, and many 
experimenters have done so. There 
are public relations services in the 
aerospace industry, which offer an at- 
tractive way of publicizing a GAS ex- 
periment and its creators. At the com- 
pletion of a Get Away Special, an ex- 
perimenter may wish to assemble a 
paper with the experiment's results 
in a conclusive report. 


Altogether, there is much to be ex- 
perienced and much to be learned 
through the challenge of launching a 
Get Away Special. GAS experiment- 
ers can participate throughout the 
many phases involved with loading, 
launching, and activating the Get 
Away Special. NASA's greatest ambi- 
tion was to involve the public with 
the space program. As a result of the 
program, NASA involved not only 
the public, but robots too! 

Resource Information. Further in- 
formation is available from NASA by 
writing to: 

The Get Away Special Program 
Technical Liaison Office/Code 741 
Goddard Space Flight Center 
Greenbelt, MD 

For suggestions and a place to start 
when pricing materials and com- 
ponents, here is a partial list of 
materials compiled by NASA. This 
list should not be perceived as 
presenting the top of the line or 
necessarily the most acceptable 
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BAR CODE 
MANUFACTURERS 
& SERVICES 
DIRECTORY 


The 1983 Directory of Bar 
Code Manufacturers and Ser- 
vices is now available from the 
publishers of the bi-monthly 
magazine Bar Code News. This 
annual directory, published in 
July 1983, contains more than 
twice as many listings as the 
1982 Directory— listings from 
every major bar code manu- 
facturer and service. You'll 
find information on com- 
panies that manufacture com- 
plete bar code systems, scan- 


ners, printers, data collection 
terminals, film masters and 
printing plates, labels and 
label testers, seminars and 
consultants, and data base 
publications. 

Each entry consists of a brief 
description of the product line 
or service; general informa- 
tion about the company; and 
the name, address and phone 
number of a knowledgeable 
representative. 
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choices for your project. For quick 
response, you might telephone 
manufacturers listed in the Electronic 
Engineers Master Catalogue, pub- 
lished by the United Technical 
Publications, 645 Stewart Avenue, 
Garden City, NY 11530, or the Elec- 
tronic Buyers Guide, published 
through the auspices of the Institute 
of Electronic and Electrical Engineers 
(IEEE). 

Brochures from battery manufac- 
turers are only partially helpful. We 
have found that an optimum battery 
choice can be achieved only by going 
to the manufacturers for a quote on 
your exact requirements. NASA does 
not permit the use of lithium-organic 
batteries on the Get Away Special due 
to their hazard potential. When 
nonhazardous lithium batteries 
become available, NASA will lift this 


constraint. Silver-zinc batteries are a 
reasonable alternative for similar 
energy density. Silver-zinc batteries 
also have some potential for hazard, 
primarily due to the generation of 
hydrogen during discharge and ox- 
ygen during charge. Some of the 
precautions for limiting this hazard 
are listed below: 

• Purchase batteries manufactured 
for low outgassing. 

• Cycle the battery two or three 
times to drive out remaining 
hydrogen. 

• Use a two-wire system, that is, 
float battery case. 

• Shunt cells with diodes to 
minimize reverse current as cell 
becomes reversed. 

• Employ active circuitry to cut 
power when low cell voltage is de- 


tected. This prevents cell reversal. 
•Use sealed batteries and/or a 
sealed case with over-pressure 
relief venting. 

•Use materials for case, potting, 
and packing that are chemically 
compatible with the electrolyte. 
•Use a thermal sensor to cut 
power if temperature rises above 
80 degrees C. 
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San Jose, CA 95130 
(408) 370-0466 
Reader Service Number: 94 


Eagle-Picher Industries, Inc. 

PO Box 47 
C and Porter Streets 
Joplin, MO 64801 
Contact: Kendall L. Hight 
(417) 623-8000 
Reader Service Number: 87 

DC-AC/DC-DC Converters 

Abbott Transistor Laboratories, Inc. 
5200 West Jefferson Blvd. 

Los Angeles, CA 90016 
(213) 936-8185 
Telex: 69-1308 
Reader Service Number: 88 


Conic Data Systems 
9020 Balboa Avenue 
San Diego, CA 92123 
(714) 279-0411 
TWX: 910-335-1183 
Reader Service Number: 91 

Antennas 

Physical Science Laboratory 

New Mexico State University 

PO Box 3PSL 

Las Cruces, NM 88003 

Contact: Dennis Henry 

(505) 524-2851 

Reader Service Number* Q2 


Documents 

"Thermal Conditioning and the Sustainment 

of a Stable Environment Within the GAS 

Container" 

by Steve Butow 

Delta Vee, Inc. 

456 El Paseo de Saratoga 
San Jose, CA 95130 

"Crystal Growth of Artificial Snow" 

Asahi Shimbun Co. 

5-3-2 Tsukiji, 

Chuo-ku, Tokyo, 

104, Japan □ 
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ROBOTICS AGE 
BACK ISSUES 


DID YOU MISS ANY? 


SUMMER 1979: Digital Speed Control of DC 
Motors; Industrial Robots 79; Introduction 
to Robot Vision; The Grivet Chess-Playing 
Arm. (photocopy) 

WINTER 1979: Advances in Switched- 
Mode Power Conversion, Part 1 ; Prospects 
for Robots in Space; Robotics Research in 
Japan; Report from IJCA16. 

SPRING 1980: Microcomputer Based Path 
Control; Robotics Research in France; Multi- 
ple Sensors for a Low-Cost Robot; The 
Robots of Autofact II; Inside Big Trak. 

SUMMER 1980: Industrial Robots; Today 
and Tomorrow; Introducing the Minimover 
5; Advances in Switched Mode Power, Part 
II. 

FALL 1980: Using Optical Shaft Encoders; 
Interview with Victor Scheinman; Robot Vi- 
sion for Industry; The Autovision System; In- 
dustrial Robotics ’80; Robots on Your Own 
Time; Superkim Meets ET-2. 

JAN/FEB 1981: A Robot Arm Without a 
Budget; An Interview with Joseph Engel- 
berger; Robots V— Dearborn 1980; Robots 
on Your Own Time; Opto “Whiskers;” Robot 
Toy Designs. 

MAR/APR 1981: Video Signal Input; Chain- 
Code; Camera Geometry for Robot Vision; 
TIG Welding with Robots; Robot Digestive 
Tract— Robots on Your Own Time. 

MAY/JUNE 1981: Rehabilitative Robots; A 
Homebuilt Computer Controlled Lathe; An 
Interview with Charlie Rosen; Superkim 
Meets ET-2, Part II. 

JULY/AUG 1981: Segmenting Binary Im- 
ages; The Robot as Transfer Device; Con- 
tinuous Path Control of Stepper Motors; 
TIMEL: A Homebuilt Robot. 

SEP/OCT 1981: Bullish Days in the Robot 
Business: Edge Detection in Man & 
Machine; Continuous Path Control with 
Stepping Motors; Build a Low-Cost Image 
Digitizer; Report from JACC-81 ; The Robot 
Builder’s Bookshelf. 

NOV/DEC 1981: Teach Your Robot to 
Speak; Fast Trig Functions for Robot Con- 
trol; An Interview with George Devol; The 
Great Japanese Robot Show; TIMEL: A 
Homebuilt Robot. Part II. 


JAN/FEB 1982: Avatar: A Homebuilt Robot; 
A Look at SS-50 Computer Boards; Working 
Within Limits; Ambulatron: Another Contest 
Winner; Quester. 

MAR/APR 1982: The Rhino XR-1 : A Hands- 
On Introduction to Robotics; Power for 
Robots; A Computer Controlled Sentry 
Robot: A Homebuilt Project Report; Natural 
Language Understanding: A First Look; 
RT-1 3 Video/Sound Recognition System; An 
Inexpensive Hand; Type ’N Talk. 

MAY/JUNE 1982: Part Sources for Robots; 
An Inexpensive Arm-Hand System; The 
Polaroid PI 00 Polapulse Battery: Solution 
Waiting for a Problem; New Robot Books for 
the Bookcase: Applying Robot Vision to the 
Real World; Robots VI: A Landmark in an Ex- 
citing Era; Photo Essay and Notes from 
Robot VI. 

JULY/AUG 1982: The Microbot Teach- 
mover; Some Notes On the Rhino XR-1 and 
Minimover 5; Patent Probe; Use Your Apple 
As a Robotics Development System; IBM 
Robots; Adapting A Speech Synthesizer; 
Constructing An Intelligent Mobile Platform, 
Part I. 

SEPT/OCT 1982: Roving Robots; Report on 
SIGGRAPH ’82; Patent Probe No. 
4,221,997; Constructing an Intelligent 


Mobile Platform, Part II; The Physics of One- 
Legged Mobile Robots. 

NOV/DEC 1982: Robot Wrist Actuators; Pat- 
ent Probe; A Microcomputer Based, Real- 
Time Robotics System; The Physics of One- 
Legged Mobile Robots, Part II; 1982 AAAI 
Conference; Armatron: A Study in Arm 
Engineering; Invention Documentation: A 
Primer. 

JAN/FEB 1983: The Move-Master RM-101; 
Mailmobiles in the Office; Teaching the 
Rhino XR-1 to Write; The Philosophy and 
Birth of Computer Science; The 2-Roll 
Gripper. 

MAR/APR 1983: Nuclear Power Plant 
Emergency Damage Control Robot; Ar- 
tificial Intelligence and the Nature of 
Robotics; Patent Probe: Driverless Vehicle 
Autoguide; Lamberton Robots. 

MAY/JUNE 1983: Patent Probe: Multi- 
Purpose Mechanical Hand; XY Interpolation 
Algorithms; Designing With Optical Shaft 
Encoders; A Table of Contemporary Manip- 
ulator Devices; An Algorithmic Approach to 
Intelligent Robot Mobility. 

JULY/AUG 1983: The Get Away Special, 
Part I; A Nose for the Heath Hero-1 ; Patent 
Probe: Ambulatory Platform; Robotics and 
the Law: Organizing the Venture; A Table of 
Contemporary Manipulator Devices. 


Send to: ROBOTICS AGE 
174 Concord St. 
Peterborough, NH 03458 


5/83 


Copies Summer 79. . . . $15/ea. 

(photocopy) 

Copies Winter 79 ... . $3.00/ea. 

Copies Spring ’80 ... . $3.00/ea. 

Copies Summer ’80 . . $3.00/ea. 

Copies Fall ’80 $3.00/ea. 

Copies Jan/Feb ’81 . . . $3.00/ea. 

Copies Mar/Apr '81 . . . $3.00/ea. 

Copies May/June ’81 . $3.00/ea. 

Copies July/Aug ’81 . . $3.00/ea. 

Copies Sept/Oct ’81 . . $3.00/ea. 

Copies Nov/Dec ’81 . . $3.00/ea. 

Copies Jan/Feb ’82 . . .$3.00/ea. 

Copies Mar/Apr ’82 . . . $3.00/ea. 

Copies May/June ’82 . $3.00/ea. 

Copies July/Aug ’82 . . $3.00/ea. 

Copies Sept/Oct ’82 . . $3.00/ea. 

Copies Nov/Dec ’82 . . $3.00/ea. 

Copies Jan/Feb ’83 . . . $3.00/ea. 

Copies Mar/Apr ’83 . . . $3.00/ea. 

Copies May/June ’83 . $3.00/ea. 

Copies July/Aug ’83$3.00/ea. 


□ SPECIAL OFFER: 

With my order of 10 or more back 
issues, please send me FREE, the 
photocopy of the Summer 1979 
issue— a $15.00 value! 

Send in your name, address, and payment to receive any back 
issues of ROBOTICS AGE you’ve missed. Payment must accom- 
pany order— back issues cannot be billed. 

For individual back issues add $1 .50 postage and handling for the 
first back issue. For each additional back issue add 50$. 

Total Postage and Handling 

Total Payment Enclosed 


NAME 


ADDRESS 


CITY 


STATE 


ZIP 
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nology, Inc. combines the 
talents of engineering and 
publishing professionals to 
support manufacturers, ven- 
dors, and users of technology 
products. 


Contract Publishing Division 

Our professional develop- 
ment and production staff 
helps you produce accurate, 
friendly, and effective 
publications that increase 
your product's usefulness 
and salability. 


Publications Division 

Current, high-quality infor- 
mation about computer and 
robot technology: 


• Bar Code Manufacturers 
and Services Directory 

Providing information and 
new applications of tech- 
nology to today's developers 
of tomorrow's technology. 



NORTH AMERICAN 
TECHNOLOGY, INC. 

174 Concord Street 
Peterborough, NH 03458 

•( 603 ) 924-7136 


See us at 

MH/Fall ’83 

November 28-December 2, 1983 
Sahara Hotel 
Las Vegas, Nevada 


Industrial Design Division 

Our team of hardware and 
software engineers helps 
customers produce better 
products through the use of 
state-of-the-art technologies. 

Design Areas 

• Consumer Computer 
Software 

• Printers and Peripherals 

• Microcomputer System 
Design 

• Software Engineering 

• Industrial Automation 

Services 

• Product Planning 

• Engineering Analysis 

• Manufacturing and Ser- 
vicing Optimizations 

• Design Execution 

• Design Documentation 

• Prototype Production 

Total design from concept 
through user support. 


• Robotics Age 

• Bar Code News 




Af 



More Information- 
More Often 

The future is unfolding with a 
wealth of ideas and information. 
Developments in robotics and in- 
, telligent machines are happening at 
1 an incredible pace. Starting in 
\ January, 1984, Robotics Age 
A Magazine will come to you every 
B month, virtually doubling your 
B flow of high technology informa- 
B tion. 

B Intelligent machines have 
B already become a part of our 
B world, touching our daily lives 
B in many ways. Robotics Age 
^ looks to the future with ar- 
"“f tides on walking machines, 
pneumatic systems design, 
low cost vision systems for microcom- 
puters and domestic robots. You can 
learn how to fabricate a foundry for 
making specialized robot parts, how to 
build a simple but reliable touch sensor, 
and even how to give meaning to visual 
image patterns. 

Your subscription to Robotics Age is 
the key to this technology. As a month- 
ly publication you will get even greater 
value. 

Subscribe Today 

Don't miss out on a single issue. 
Subscribe today and have the next issue 
delivered to you. You can save by 


subscribing now with our "Going 
Monthly" Special Offer. This special 
offer brings you the next twelve issues 
of Robotics Age for only $21. That's a $3 
saving over our regular subscription 
price, and a whopping 42% savings 
over the newsstand price. 

If You Are Already 
A Subscriber 

Current subscribers— you can also 
save by sending in your renewal order 
now. Simply check the renewal box 
and send in the "going monthly" form 
below, along with your payment, or 
Mastercard or Visa number. We'll add 
twelve issues to your present subscrip- 
tion. You'll extend the length of your 
subscription and save 13% over the 
normal renewal rate.* 

Send in your order to: 

Robotics Age 
PO Box 358 

Peterborough, NH 03458 

Or give us a call at (603) 924-7136. 

Whether you are a new reader or a 
long time subscriber, you won't want to 
pass up this opportunity to imbibe a 
fresh stream of tomorrow's technology. 

* Current subscribers will benefit from additional sav- 
ings: Subscriptions which currently extend beyond the 
November/ December 1983 issue will have a bonus 
issue added to their term, and one additional issue for 
each four issues remaining on the present term. 


YES! Sign me up for savings with your 
"GOING monthly " Transition special. 


Name 


Title 


RETURN WITH PAYMENT TO: 
Robotics Age, Box 358 
Peterborough, N.H. 03458 (USA) 


Company 


Address 


Town 


US Subscriptions 

□ 12 Issues 

□ 24 Issues 

□ 36 Issues 


Foreign 

Special 

□ 12 Issues (surface) 

$29 

□ 12 Issues (Air Mail) 

$65 

□ 24 Issues (surface) 

$58 

□ 24 Issues (Air Mail) 

$130 

□ 36 Issues (surface) 

$84 

□ 36 Issues (Air Mail) 

$192 


State 


Zip (Postal Code) 


Canada & Mexico 

□ 12 Issues 

□ 24 Issues 

□ 36 Issues 


Special 

S2S 

$50 

$72 


Non-U.S. Subscription Rates: 

Payable in U.S. funds, drawn on a U.S. bank. Subscrip- 
tion length will be adjusted downward on a pro rata basis 
for any currency conversion charges. Foreign subscnption 
orders may be paid in U.S. dollars via MasterCard or VISA. 


□ Bill Me □ Payment Enclosed 

□ This is a Renewal (payment must accompany order) 

Credit Card Information 

□ Master Card 

□ VISA 


Card Number 


Expiration Date 


i_: 


Signature 

Total Amount Enclosed or Charged: $ _ 
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New 

Products 


Forth Development System 



]\Ie w Micros, Inc., has intro- 
JL \ duced the NMIX-0011 single- 
board computer. The dedicated Forth 
system is designed around Rockwell's 
R65F11 6502-based microcomputer, 
which contains the run-time portions 
of Forth in read-only memory. Adding 
an external terminal and power supp- 
ly results in an operational micro- 
computer system. The NMIX-0011 
provides 192 bytes of static RAM, 16 
bidirectional, TTL-compatible I/O 


ports, one 8-bit port with latched in- 
put, two 16-bit programmable 
counter/timers with latches, one 
serial port, 10 interrupts; expansion to 
16K bytes of external memory, 1 
microsecond minimum instruction 
execution at 2MHz clock rate, and re- 
quires only a + 5V power supply. 

For more information, contact: 
New Micros, Inc., 2100 North High- 
way 360, Suite 1607, Grand Prairie, 
TX 75050. (214) 660-1106. 

CIRCLE 34 


High-Speed 6502 Board 

T he CPU- 100 from Techno, Inc. 

is an STD-bus-compatible card 
with a 6502 processor, 8K on-board 
memory (RAM/ROM), 6522 VIA for 
two user-defined I/O ports, and one 
RS-232C interface. A 2K byte monitor 
and math pack are available. The 
monitor provides subroutines for ter- 
minal communications. The math 
pack includes multiplication, divi- 
sion, square root, and sigma deter- 
mination algorithms. 



The CPU- 100 is designed to func- 
tion as the main processor in a multi- 
board system. A full 64K bytes of 
memory can be addressed. The list 
price is $200.00. Contact: Techno, 
Inc., 14 Crandall Avenue, Pompton 
Lakes, NJ 07442. (201) 839-0740. 
CIRCLE 35 



Armdroid 1 

T he Armdroid 1 from Colne Ro- 
botics is an educational robot 
designed to be connected to various 
microprocessors. An on-board com- 
puter controls the five stepping 
motors that drive the arm. A simple 
interface card is required for each 
type of computer, such as the Apple II 
series, to which the Armdroid 1 is 
connected. 

What separates the Armdroid 1 
from other educational robot arms is 
its three-fingered gripper. The three- 
fingered gripper can capture circular 
or conical objects more easily than a 
two-fingered gripper. The accompa- 
nying photograph shows the Colne 
Armdroid 1 grasping its homophonic 


namesake, the ice cream cone. This 
move would be difficult, if not im- 
possible, with a two-fingered gripper. 
For more information about the 





Armdroid 1, contact: Colne Robotics, 
207 Northeast 33rd Street, Fort Laud- 
erdale, FL 33334. 

CIRCLE 36 
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New 

Products 


Preprogrammed Controller 


Buckminster Corporation offers the 
C-1011 Preprogrammed Controller, a 
fully configured motion system offer- 
ing turn-key, multi-axis motion con- 
trol on the STD bus. Buckminster will 
program the controller to meet exact 
customer specifications. The C-1011 is 
useful for many kinds of microproces- 
sor-based motion control, including 
trajectory control. The controller's 
capabilities range from single-axis, 
point-to-point positioning to simul- 
taneous control of as many as 14 
closed-loop servo axes. 

The C-1011 includes DC servo- 
motors and power amplifiers in ap- 


Self-Contained 
Experimental Robot 

T he RMP 2000 robot motion plat- 
form is controlled by an on- 
board ZX80, ZX81, or Timex/Sinclair 
1000 computer. A dedicated micro- 
computer controls the two drive 
motor positions, generates audio 
tones, and simplifies programming 
from the attached Timex/Sinclair 
1000 computer. Batteries power both 
the RMP 2000 and the computer, so 
that no wires are attached when the 
RMP 2000 is in motion. 

Control programs are written in 
BASIC and communicate to the dedi- 
cated microcomputer through BASIC 
POKE and PEEK statements. Docu- 


propriate sizes and torque ranges. 
Microprocessor feedback closes all 
servo loops. Analog tachometers pro- 
vide velocity feedback. Optical incre- 
mental encoders close the feedback 
loop for point-to-point positioning. 

Optional communications proto- 
cols allow the C-1011 to be operated 
from a variety of peripheral devices 
via an RS-232C connection. Fiber op- 
tics, RS-422, and IEEE 488 options are 
available. 

For more information, contact: Jane 
Palmer, Buckminster Corp., 99 High- 
land Avenue, Somerville, MA 02143. 
(617) 864-2456. CIRCLE 37 



mentation and sample programs are 
included. The RMP 2000 lists for $388 
without the Timex/Sinclair 1000, 
which can be added for $50. 

For further information, contact: 
Bingel Robotics, 3540-224 Southwest 
Archer Road, Gainesville, FL 32608. 
(904) 371-6308. CIRCLE 39 


BRAT800 



T he Basic Robotic Automation 
Training system is designed to 
simulate industrial robotic condi- 
tions. Its modular construction uses 
standard industrial components. Op- 
tional modules allow students and in- 
structors to re-create various robotic 
or automated industrial applications 
in a classroom. The BRAT800 incor- 
porates controllable devices from 
multiple technologies, including: 
electronics, pneumatics, mechanics, 
and computer programming. The at- 
tached robot arm moves across the 
base work surface on an industrial 
pneumatic manipulator assembly. 
Various gripper fingers are available 
for use with the arm. 

For more information, contact: 
Amptronics, Division of TII, Inc., 401 
North Salem, Arlington Heights, Il- 
linois 60005. (312) 870-0883. 

CIRCLE 38 


PC-Logo 

arvard Associates, Inc. has an- 
nounced the availability of 
Logo for the PC. PC-Logo is designed 
to operate in 64K bytes and can use a 
full 128K bytes. Developed by Gold 
Hill Computers of Lincoln, Massa- 
chusetts, the PC implementation is 
written in assembly language for 
rapid execution. PC-Logo features 
programmable function keys and 
enhanced editing capabilities. It per- 
mits communication through a serial 
port with such peripheral devices as a 
mouse and mechanical turtle. 

PC-Logo is available from Harvard 
Associates, Inc., 260 Beacon Street, 
Somerville, MA 02143. (617) 
492-2999. CIRCLE 40 
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New 

Products 


6- Axis Force Sensor 

T he FS6-120A, 6-axis force sensor 
is an integrated measuring in- 
strument that contains the transducer 
structure, strain gauges, and instru- 
mentation electronics necessary to 
completely measure the six compo- 
nents of force, which can be applied 
to the sensor body by an arbitrary 
load. The unit contains a built-in 
microprocessor, which can resolve in 
real time the 6 force components 
about any specified coordinate 
system. 

The unit produces an RS-232C- 
compatible serial bit stream that con- 
tains measurements of the instan- 
taneous forces acting on the sensor 
body. A comprehensive input com- 
mand language is interpreted by the 
on-board processor, allowing the 


operator to modify the coordinate 
system and operating parameters us- 
ing an external terminal or computer. 
An analog output port is also provided 
for direct connection to a chart 
recorder or other analog readout 
device. 

The FS6-120A sensor provides 
measurements for static and dynamic 
loads (3 forces, 3 moments). Force 
measurements range from 0 to 200 
Newtons (50 pounds) with a resolu- 
tion of 0.1 Newton (0.025 pounds). 
Moment measurements range from 0 
to 4 Newton-meters (36 inch-pounds) 
with a resolution of 0.002 Newton- 
meters (0.018 inch-pounds). Measure- 
ments can be taken at a rate of 500 Hz. 
The sensor is 120mm in diameter and 
55mm high. 



For more information, contact: 
Astek Engineering, Inc., 5 Bridge 
Street, PO Box 7201, Watertown, MA 
02172. (617) 924-2929. 

CIRCLE 41 


SAFETY* PLUS 

Sonar Ranging — Ready For Application 



Distance Control Unit Model DCU2-A 

Our new Distance Control Unit offers some exciting 
new applications to robotics. It can control an 
action or reaction In many applications. We even 
provide custom design, sequencing or programing 
to meet your needs and specifications. 

HERE ARE JUST A FEW USES: 

• Isolate a zone - for safety or other reasons 

• Guidance • Counting 

• Conveyor Control 

• Assembly Line Control 

• Materials Handling Other models and accessories available 

Use it anyplace where distance can be controlled. 

WRITE FOR FREE DETAILS 

Ezra C. Lundahl, Inc. 710 N. 600 W. / Box 268 
Logan, Utah 84321 (801) 753-3400 

WHERE IDEAS BECOME REALITY - SINCE 1920 



AN INTRODUCTION 
TO BASIC CONCEPTS 
AND APPLICATIONS 


by David M. Osborne at $33.95 each. 

This state-of-the-art text, first in the Robot 
Technology Series, explores “steel-collar 
workers’’ their design and construction, 
applications, and challenges and 
opportunities for the future. 

Over 115 illustrations are included, plus a 
complete glossary. Analogies of everyday 
objects such as a bicycle, music box, delivery 
truck and screen door are used to explain 
robotics principles and construction. 

This is the good basic book you’ve been 
looking for. 

This book is designed for teachers, 
students, executives, managers, engineers, 
strategic planners, human resource special- 
ists, researchers, labor leaders, and anyone 
interested in this leading-edge technology. 

Midwest SciTech 

Publishers, Inc. 

17385 Conant, Detroit, MI 48212 

Telephone 313/540-9880 

CIRCLE 33 


CIRCLE 32 
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Distance Control Unit 

O riginally designed for use in ag- 
ricultural equipment, the 
DCU-1 sonic ranging device has two 
adjustable range settings to detect ob- 
jects at up to 5 feet. A time gate, set by 
manual adjustments, defines which 
of two signal outputs is activated. If 
an echo returns prior to the gate time 
(representing a close condition) one 
output is activated. If the echo does 
not return by the end of the gate time 
(representing a far condition) another 
output is activated. If the echo returns 
within the specified time gate, 
representing the correct distance, 
neither output is activated. 

The output can supply up to 8A 
from the supply voltage for control- 
ling DC motors, solenoid valves, or 
relays. The DCU-1 has been tested 
and used under difficult working con- 
ditions. A second model, the DCU- 


2A, is designed for use in less severe 
conditions. The DCU-2A has three 
range settings up to 25 feet. 

For further information, contact: 


Ezra C. Lundahl, Inc., 710 North 6th 
West, PO Box 268, Logan, UT 84321. 
(801) 753-3400. 

CIRCLE 42 




Classified 

Advertising 

POWERFUL ROBOT MOBILE 
BASE: RBU-IIT, MAN-RATED, TWIN- 
DRIVE, TWIN-TREAD UNIT. Specifica- 
tions: Speed 2 FPS with 100# fully 
loaded!; Wt. 45 lbs; Dimensions: 24" 
long, 1 8" wide, 8" high. This is our rug- 
ged 1 2 VDC 0-50 amp unit suitable for 
advanced robot projects and rough ter- 
rain applications, a result of over 3 
years of refinements in design. Only 
$625.00! Available from HOBBY RO- 
BOT CO., INC., P.O. Box 887, 
Hazlehurst, GA 31539. Tel. (912) 
375-7821 . 

CUSTOM SYSTEMS INTEGRA- 
TION— CP/M, MP/M, CP/M-86, UNIX, 
S-100, IBM-PC, M68000 Add-ons for 
Heath Robot— Request Catalog. Inter- 
face Technology, Box 745, College 
Park, MD 20740. (301) 490-3608. 


6th Axis 

ly 1 S-I. produces a servo-con- 
JL/i trolled drilling/routing/de- 
burring attachment for ASEA IRB-6 
industrial robots. Driven by a 0.33 HP 
pneumatic motor, the unit provides 
full 6-axis positioning capability for a 
cutting tool. The device weighs only 
7.3 pounds and is small enough to 
work inside a 6.50-inch diameter cavi- 
ty. The 6th axis uses the same position 
encoder and DC motor as an ASEA 
robot, for full compatibility with 
ASEA's controllers. The unit is 
equipped with collets capable of 
holding cutting tools with shank 
diameters from 0.015 to 0.250 inch. 
This permits use of a wide range of 
cutting or drilling tools. Spindle rota- 
tion is approximately 28,000 RPM 
under cutting loads. Price is $6,800 
from stock to 10 weeks. 

For more information, contact: 
Robert B. Price, General Manager, E. 
S-I, Craven Road, Box D, Knox, NY 
12107. (518) 895-8954. 

CIRCLE 43 
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Please send details on the HER0 1 robot 
and robotics course. 

Mail to: Heath Company, Dept. 025-098 
Benton Harbor, Ml 49022 


Name 


Address 


State Zip 

Heathkit /Zenith Educational Systems is a division of Heath Company. 
Benton Harbor, Michigan 49022. 


CIRCLE 10 


RQ-100AR1 


at extreme extension. Payload ca- 
pacity of arm is 8 oz. at maximum 
extension and 16 oz. at normal. 

The remarkable HER0 1 robot is in 
production now, ready for you. Buy 
assembled or build it from a kit. Kit 
price is $1600 and the assembled 
robot is $2500, FOB Benton Harbor, 
or through your nearest Heathkit 
Electronic Center. 

For full information on HERO 1 
call 800-253-0570 tolMree. (In 
Alaska, Hawaii and Michigan, call 
616-982-3411.) Well give you the 
address of the nearest Heathkit 
Electronic Center and send you a 
booklet that gives details about 
the robot, the content of this 
course, and other information. 


Heathkim 


Heathkit/Zenith 


Educational Systems 


Heathkit Electronic Centers are units of Verftechnology Electronics Corporation: 
Heath Company is a subsidiary of Zenith Radio Corporation. ' ^ 






1 ■j» r<r r irT - — A 

* 1 


■ 


; JfcffJT 

w I [•] ivi* ui* a 

r Tim 




• I /• IvJhi 11 tJI 































Calendar 


Continued from page 2 

Robotech 83 will present the latest in ap- 
plied automation technologies to a 
qualified audience of users. In addition 
to company exhibits, a five-track 
technical program provides a thorough 
analysis of the automation field. 

October 11-12. Computer-Aided 
Design Conference (CADCON East 
83). Park Plaza Hotel and Exposition 
Center, Boston, MA. Phone: (516) 
825-3232. 

An engineering conference devoted ex- 
clusively to computer-aided design 
across a wide spectrum of industries, in- 
cluding architecture, aerospace, elec- 
tronics, automotive, mechanical, 
marine, electrical, process control, 
geology, meteorology, and cartology. 

October 14-15. 5th Annual Forth 
Convention. Hyatt Palo Alto, Palo Alto, 
CA. Contact: Forth Interest Group, Con- 
vention Program Chairman, PO Box 
1105, San Carlos, CA 94070. (415) 
962-8653. 


The Forth Convention will feature ex- 
hibits and speakers for all levels of Forth 
enthusiasts, from beginner to profes- 
sional. Proposed topics to be covered in- 
clude: hardware Forth machines; Forth- 
based instrumentation; Forth-based 
operating systems. 

October 18-20. 26th IEEE Machine 
Tools Conference. Red Carpet Hotel, 
Milwaukee, WI. Contact: Richard 
Stobbe, Kearney & Trecker, 11000 
Theodore Trecker Way, Milwaukee, WI 
53214. 

Over 20 papers will be presented on 
topics including: intelligent vision 
systems; programmable controllers; sen- 
sors; numerical controllers; robotics; 
drives; servos; motors; flexible machin- 
ing systems; standards; substrate punch- 
ing; quality management. 

October 18-20. EdCompCon '83. Red 
Lion Inn, 2050 Gateway Place, San Jose, 
CA 95110. Contact: M. Dundee Maples, 
Conference Co-Chairman, Educational 
Computer, PO Box 535, Cupertino, CA 
95015. (408) 252-3224. 

The title of this year's EdCompCon is 
"Applying Technology to Education in 
the Next Ten Years." The conference will 
focus on the application of the latest 


technology in computer-related areas, 
hardware, and software, to the area of 
education. 

October 23-26. Symposium on Com- 
puter Applications in Medical Care. 

Baltimore Convention Center, Balti- 
more, MD. Contact: Ruth E. Dayoff, 
M.D., SCAMC-Office of CME, 2300 K 
Street, NW, Washington, DC 20037. (202) 
676-4285. 

A program designed to inform physi- 
cians, health care administrators, 
biomedical scientists, engineers, and in- 
formation technology specialists about 
current and potential applications of 
computer technology to health care. 

October 26-28. 13th International 
Symposium on Acoustical Imaging. 

Holiday Inn-Downtown, Minneapolis, 
MN. Contact: Leslie Denny, Program 
Coordinator, 220 Nolte Center, Universi- 
ty of Minnesota, 315 Pillsbury Drive, SE, 
Minneapolis, MN 55455. 

This symposium is arranged in co- 
operation with the Institute of Electrical 
Engineers, Twin Cities Section, and the 
Office of Naval Research. The scientific 
program will cover all aspects of acousti- 
cal imaging, including its application to 
medicine, biology, materials testing, un- 
derwater investigation, and geophysics. 


Sensory 

Perceptions 


Continued from page 11 

ment of computer-aided manufacturing 
technology, has announced a Robotics 
Software project. The project has three 
proposed objectives. The first is a 
specification for a robot-independent 
language. Once the specification is com- 
pleted, a prototype robotic software 
system incorporating a graphic simulator 
will be constructed. The basic system 
will then be expanded to use graphic data 
as the basis for automatic robot program- 
ming. Project participation is available to 
all organizations within regions ap- 
proved by the US Department of Com- 
merce. For more information, contact: 
CAM-I, 611 Ryan Plaza Drive, Suite 1107, 
Arlington, TX 76011. (817) 265-5328. 

PERSONAL ROBOTICS NEWS. This 
monthly newsletter will cover develop- 
ments in hardware and software, market 
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trends, applications, and government 
legislation. Subscriptions are priced at 
$125. For further information, contact: 
PRN Publishing Company, PO Box 
10058, Berkeley, CA 94709. (415) 
524-7115. 

FORTH. The Forth language seems to be 
fast becoming the language for single- 
board controllers. The development of 
single-chip Forth machines would 
hasten this trend. Rockwell International 
has introduced its R65F11 and R65F12 
Forth-based microcomputers. The 
microcomputers feature an enhanced 
6502 processor with four new instruc- 
tions: set memory bit, reset memory bit, 
branch on bit set, and branch on bit 
reset. The enhanced processor also has 
decimal and binary arithmetic modes, 13 
addressing modes, and true indexing. At 
least one company (New Micros, Inc. of 


Grand Prairie, Texas) has already de- 
signed a single-board controller using the 
Rockwell chip. 



SCORPIONS. It seems that whenever I 
turn around, a new robotic creature ap- 
pears. Rhino Robots is breaking away 
from their image as a robot arm manu- 
facturer to create a small, mobile robot 
called the Scorpion. The accompanying 
photograph was taken from preliminary 
plans for the new robot. We'll announce 
new information as it is available. 
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THE 

"BRAT" 


Basic Robotic Automated Trainer 



The selection of multiple optional modules and control consoles make the "BRAT" the most 
DYNAMIC Robotic Training System available today! All system modules supported by users manuals 
and student application manuals. 
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I Complete Electronic Fault Insertion Module 
# Industrial Components 

# Modular Construction 
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History will record as a profound irony 
that the most powerful word processing package 
ever created for the IBM® Personal Computer 
wasn’t created by IBM. 
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